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Abstract: Ecorwmic loud is the term used in dredging practice for the time during 
hopper dredge overkw pumping that further increase in load is not economic. As a 

, the rate of increase in hopper density declines. When the 
al site and return is balanced against the time required to take 
an optimal point when pumping should be stopped. This is a 
problem that has been solved in the past by making manual 
volume and pumping time. Because of the time and labor 

required for the measurements and computations, the concept has not been widely 
implemented. . 

The Corps of Engineers Silent Inspector (SI) dredge monitoring system measures 
dredge performance and position in real-time. The SI has on-board analysis capability 
that computes the pumping, sailing, and dumping times along with the hopper load in 
Tons Dry Solids (IDS). TDS has been incorporated into the economic load solution as 
the load metric rather than in-situ sediment volume. An economic load analysis mod- 
ule for the SI has been developed and tested against previously recorded SI data from 
dredges operating in the Southwest Pass of the Mississippi river entrance. Preliminary 
results of the data analysis indicate that for cuts close to the disposal area, total load 
cycle times could be reduced by 30% with less than 10% reduction in load per cycle. 

Details of the LP solution are presented along with an analysis of the effects of 
errors in TDS measurements. Tests of the system on operational dredges in Southwest 
Pass are planned for this year. 

INTRODUCTION 

This paper discusses the design and evaluation of a system for on-dredge, real-time, computation 
of the economic load for a hopper dredge operating with overflow. Rather than previous methods 
that use approximations based on bin density, this approach seeks to minimize the cost/time of the 
total Ton-miles for a load. The system generates a stop pumping advisory based on optimizing the 
time required to gain additional load vs. the time required to sail to the disposal area. The estimates 
are based on the distance to the disposal site and dredge performance measured in real-time. 

The system builds on the capabilities provided by the Corps of Engineers Silent Inspector (SI) 
dredge monitoring system (Rosati 1998). Among other functions the Silent Inspector computes the 
Tons Dry Solids (IDS) contained in the hopper in real-time. TDS is an estimate of the weight of the 
sediment without water content. SI also determines the dredge activity (dredging, sailing, dumping, 
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etc.). as well as position. SI computes the actual time from the dredge site to disposal area and 
uses this information along with updated real-time position to estimate the sailing-dumping time 
for the next load. The economic load is achieved when the increase in TDS has diminished to the 
point that time would be better spent traveling to the dump and returning to start another cycle. 
This point depends on the time required to sail to the disposal area for traffic and tide conditions, 
and the projected rate of increase of TDS. For a distant disposal area additional pumping time may 
be economical, while for a near-by disposal area it is better to dispose and start a new cycle. The 
operational goal is to maximize the daily production of the dredge in tons per day. 

The basic data necessary to perform the optimization estimate are already acquired and com- 
puted by the SI. The system is implemented as an add-on analysis module. A graphics display up- 
dated in real-time allows the dredge operator or the Corps inspector to see the current and projected 
economic load times while dredging. The optimization algorithm is a form of linear programming 
that is based on modifications to the underlying algorithm used by the Corps of Engineers for man- 
ual analysis of economic load. The system was developed and tested using data recorded by SI 
from past dredging contracts at Southwest Pass, New Orleans District. 

CURRENT PRACTICE 

The concept of economic load for hopper dredges is well established. The current practice of 
the Corps of Engineers is documented in Engineer Form 2590” dated August, 1, 1955. The form 
specifies a manual spreadsheet computation based on monitoring the pumping time, total cycle 
time, and measurement of the total load. Total load measurements are specified as the volume of 
in-situ channel material computed by multiplying the volume of hopper material by a constant ratio 
of in-place density to absolute density. The draft Hopper Dredge Engineering Manual (EM1 125 
1994) provides guidance on obtaining these measurements in Appendix C. Coarse material or sand 
should be measured by sounding the hopper, while for fine material the integrated output of the 
production meter is suggested. 

Form 2590 Computation 

The Form 2590 spreadsheet computation has been redefined here using mathematical notation. 
We consider only the hopper volume since the in-place volume is assumed to differ by a constant 
factor. We define the following terms: 

3Engineer Form 2590 Economic Load Test is available from http://www.ustlce.alm~.mil/inct/t~sac~ 

ctocs/t’olms/c259O.pclf 
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tP pumping time 
TP total pumping time 
tt turning time 

Tt total turning time 

TL total loading time 
TD total disposal time 
T wcle total cycle time 

SP dredge speed while pumping 
sd dredge speed while sailing to the disposal site 

Id distance to disposal site 
L hopper load (cubic yards) 

Given a time series of m samples of the load L and total pumping time Tp, we can define 
two rates that approximate the time derivatives of the load while pumping. The first is called the 
incremental load by For-m 2590. 

RI = AL/AT, (1) 

where 
AL = L, - L,el 

and 
AT, = Tpm - Tpm--l 

The total retained load for the duration of a total cycle is 

RL = LITcycle (2) 

where L and T are evaluated at each m. An estimated constant To is assumed when computing 
T cycle = TL + Tt + To. Therefore L and Tcycle are the values that should be obtained if at the 
corresponding m time, pumping is halted and sailing to the disposal site is begun. RL can then be 
viewed as an the effective average rate for the retained load relative to the time for an entire cycle. 

Form 2590 defines the economic load to occur at the pumping time when 

RL = RI economic load 
RL < RI under-pumping 
RL > RI over-pumping 

Here we define a single economic load parameter E as 

E = RI - RL (3) 

so that when E = 0 = EO, the economic load has been obtained. When E < 0 the dredge is 
over-pumping. 

Current practice recommends that the economic load test be performed at the beginning of 
dredging, and the economic load pumping time is then used for all subsequent cuts without repeat- 
ing the test. If conditions change the test should be repeated. 
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Form 2590 Example 

The Form 2590 computations can be illustrated using sample data4. Table 1 show the data from 
9 measurements that begin after the onset of overflow. The economic load occurs between mea- 
surements 3 and 4. The exact time is estimated by interpolation as Tp = 44 rnin pumping and 
L = 2840 yd”. Time less than 44 min is under-pumping and greater than 44 min is over-pumping. 

7 1112 76 15 91 39 130 3630 27.9 20.0 
8 1124 83 20 103 39 142 3730 26.3 14.3 
9 1131 90 20 110 39 149 3770 25.3 05.7 

Table 1: Data from hopper dredge Wheeler computed like ENG Form 2590 

Figure 1 plots the evolution of RI, RL, and E as pumping time increases. The economic load 
point occurs when RI crosses R L. The difference between the two rates, E, passes through zero. 
The plot shows how the measurement intervals should be shorter as the economic load point is 
approached. With manual measurement and computation this may not be practical. The next 
section will explore the use of the automated measurements of the SI to provide better resolution 
of the economic load point, as well as a prediction for every load. 

USING SILENT INSPECTOR DATA 

The Silent Inspector (SI) is a system that continuously monitors dredge process variables. The 
system was developed to assist the Corps of Engineers in managing contract dredging. The Corps 
provides a specification as part of the dredging contract and the system is implemented by the 
contractor ( Rosati and Prickett 2001). 

The SI monitors the following basic variables that are computed by the dredge’s process control 
computer and passed to the SI computer over a standard interface detailed in the SI specifications. 

l Horizontal position 

l Hopper status (open/closed) 

l Tide level 

“Data from Appendix C of the draft EM 1125 (1994). 
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Figure 1: Form 2590 Economic load analysis from Table 1 data. 

l Ship speed and heading 

l Draft, displacement 

l Hopper ullage and volume 

l Draghead depth 

Data quality assurance is a requirement of the SI specification. Each dredge must provide a 
detailed Dredge Plant Instrumentation Plan and pass a rigorous series of field tests designed to 
assure that data meet specifications. 

To help assure data quality and assist on-board inspectors, the SI system analyzes data in real- 
time. All summary statistics required for standard inspector reports are computed as well as sup- 

s 



plemental analyses to support performance evaluation, environmental, and safety requirements. 
For the discussion here, the important analyses are 

l dredge state (ie. pumping, turning, sailing, dumping) 

l track plot 

l load summary statistics 

l Tons Dry Solids (TDS) 

Each of these is continuously computed and saved in an on-board relational database along 
with all of the raw data. Raw process variables are saved at 1Osec intervals. TDS, dredge state, and 
track are recomputed at each 1Osec interval. 

Recognizing that all of the data necessary to compute the input variables for economic load 
were available in real-time, the New Orleans district has begun an investigation into the feasibility 
of using the SI to provide a stop pump advisory based on the current data for each load. Also 
recognizing the possible future incorporation of Ton-miles as a payment metric, the use of TDS 
rather than hopper volume is considered. 

INCORPORATING TONS DRY SOLIDS 

TDS is a production metric that estimates the total weight of the sediment in the hopper less the 
weight of all of the water content. TDS measurement for dredge production was developed and 
refined by the Netherlands Rijkswaterstaat (Ottevanger & van Rijn 1992). TDS implementation 
by the Corps in SI is described by Welp & Rosati (2000). 

Automated TDS measurement requires the real-time measurement of the total volume of slurry 
in the hopper, V, and the weight of the ship Ms. Both are determined by level sensors. One set 
monitors the hopper slurry level. This level is converted to V using curves fitted to values from the 
hopper ullage chart. The other is the draft of the ship which is converted to MS using the ship’s 
displacement curves. MS is measured for an empty hopper, and the mass of the hopper is computed 

bY Mh = A’?qoaderi - M.se,,,pty. 

Summarizing the development of Rullens (1993), given the hopper volume and the hopper 
mass, the hopper slurry density ~1) = fi!h/v can be estimated. Assuming the slurry is composed 
of sediment of density ps and water of density pw, the mass of only the sediment can be computed 
as 

LTDS = Ph, - ptup,v 
P.5 - Pu: 

(4) 

LT~.s is incorporated into the economic load computation by substituting it for volumetric 
hopper load L so that RI and RL are redefined as 
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where 
~LTJIS = LTLIS,,, - LTU.Y,,,~~ 

The total retained load for the duration of a total cycle is 

RL = L~~.s/Tr.~c,c (6) 

and the economic load parameter E is still computed using equation 3 using the TDS versions 
of RI and RL 

Economic Load Analysis 

TDS RI RL E 

1500 

1000 

E 
t- 500 

0 

100 

50 

.- s 
0 

2 -50 
I- 

-100 

-150 

8 Wed 
Aug 2001 

3AM 6AM 9AM 12PM 3PM 6PM 9PM 9 Thu 
Local Time 

Figure 2: TDS, RI, RL, and E computed during a typical 24hr period of dredge cycles at Southwest 
Pass 

REAL-TIME ANALYSIS 

Previously recorded SI data from rental contract dredges operating in Southwest Pass of the Mis- 
sissippi river were used to evaluate the feasibility of real-time computation of economic load using 
equation 3. An analysis module that computes E in real-time for each sample was added to the 
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Figure 3: TDS, RI, RL, and E computed during a fine sediment dredge cut at Southwest Pass 

SI on-dredge software. Figure 2 shows a plot of data recorded by the SI during a 24 hr period. 
The data are 1Osec samples smoothed with a 300 set moving window average. The smoothing is 
required to remove the variations due to the dynamics of the ship and the hopper slurry caused by 
wave action and maneuvering. 

During this period, the TDS curves show two sets of cuts where the second set has SO% greater 
production than the first. However both sections require a Tn much less than TI,. This is a case 
where the use of an economic load criteria could be beneficial. The dredge is operating to maximize 
L but because of the short To this point occurs much later in the cycle than the economic load at 
Eo. 

Figure 3 shows a view of a single cycle of dredging. The cut was in an area of fine sediment. 
The dredge was operated to maximize hopper density for the load. For this cycle Tc.yc.lr was approx- 
imately 1.5 hr while Tn was approximately 40 min or 44% of Tcycle. E,, occurred at approximately 
7:30 and was followed by 30 min of over-pumping. The peak load measured by TDS was 1.25 kT 
and coincided with EC). It declined to 1.2 kT during overflow. 

This result shows that automated real-time computation of E by SI is feasible for a typical 
overflow dredge operation. The results here suggest that it may be possible to improve total opera- 
tional efficiency by using E. to trigger a stop pumping advisory. In this case cycle time could be 
reduced by 30% with no reduction in load. 

Figure 4 shows another case where operation by economic load would depart significantly from 
current practice. In this case the dredge is operating in a cut with fine sand yielding high produc- 
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Figure 4: TDS, RI, RL, and E computed during a fine sand cut at Southwest Pass 

tion. This cut is also close to the disposal site with To M 35rnin. E0 occurs at approximately 850 
at a TDS load of LTDs M 1.4kT. However over-pumping continues another SO min with the peak 
load reaching 1.9 kT before declining to 1.5 kT. This yields a Tcyc,c M 2.25hr so that To is only 
26%~ of Cycle or half that of figure 3. 

This case suggests that even in a cut yielding high production, the economic load may be better 
for a smaller load. In this case if pumping was stopped at E,, the cycle time would have been 
reduced by 37% for a load reduction of 7%. 

Effect of TDS errors 

The SI implementation and quality assurance procedures have made substantial progress in im- 
proving the accuracy of routine automated TDS measurements. However with the current state- 
of-the-art in level sensing in the dynamic and hostile environment of a dredge at sea, there is 
still non-negligible error. Our current experience with SI capable dredges has shown that TDS 
errors should be less than 10% for a dredge instrumentation suite meeting specifications. Welp 
& Rosati (2000) provides details of the Corps TDS implementation and field experience. Scott 
(2000) presents an error sensitivity analysis of TDS measurement. 

The TDS data shown in the figures illustrate typical errors. The plots in figures 2-A show an 
L7‘Il.S = -100 T after disposal when zero is expected. This can be caused by constant errors in 
the various terms of equation 4 and/or by vessel squat while underway. 
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Both figures 4 and 3 show a decline of TDS from the peak value after pumping stops. This 
seems unexpected but is the result of the lowering of hopper levels and loss of material due to 
continued run-off after pumping has stopped. The pump velocity sets up an increased static head 
in the hopper that must be run-off once the pump velocity goes to zero. This can also be affected 
by the downward adjustment of run-off weir levels. This represents real reduction in TDS and is 
not error. 

Use of TDS as the load metric for economic load raises the question of the effect of errors on 
the economic load prediction. The observed TDS errors during quality assurance tests typically 
are bias errors. The economic load is related to the rate or the first order derivative of load so 
that errors do not translate directly to errors in E. We can model the effect of a bias error c by 
substituting L + c in the the computation of AL in equation I. 

ALe = (-L + E) - (L,n-1 + E) = AL (7) 

observing that c cancels. Then for equation 2 we have 

RL, = RL + $'&cle (9) 

so that RI, is in error by the TDS error divided by the cycle time. This translates directly to the 
error in 

& = RI - RL, + EIT,~~[~ 

E, = E + Q’cycle (11) 
Evaluating this for an example case of L Tag = 1OOOT and a TDS bias error of lo%, E = 1OOT 

and if Tcyc,e = lOOrrzin, then the error in E is c/Tcvclp = lT/min. This is an acceptable error for 
most operational requirements. 

Predicting Disposal Time 

The Form 2590 manual computation assumes a constant disposal time Tn for each reach. A real- 
time system should determine T D automatically. Better would be the ability to adjust the Tu 
prediction for each cut based on X’s knowledge of the ship position and distance to the disposal 
site. 

The analysis of historical data shown here used a manually determined TI). The field test 
implementation will evaluate an algorithm that predicts Tu for the next disposal by using Trl of 
the previous cut, the new cut distance difference, and the average ship speed. Future improvements 
may include adjustments for predicted tidal currents and typical ship traffic delays for the time of 
day. 
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CONCLUSIONS 

The preliminary results of a real-time economic load analysis using TDS as the load metric are 
encouraging. The study has shown that all of the raw data for evaluation of the economic load are 
available in the SI data stream. The critical computations of dredge state and TDS have already 
been implemented and field proven. An economic load predictor based on a the procedure of E17g 

Form 2590 adapted for TDS has been tested on data from operational dredges in Southwest Pass. 
The tests results show the potential for the reduction in dredge cycle times when the dredge is 
operating with overflow and is relatively close to the disposal site. For the example cases shown 
here cycle times could be reduced by 30% with reductions in load of less than 10%. 

The next step in the study is to test the economic load predictor with a real-time stop pumping 
advisory during operational dredging. Tests are planned this season. Many factors affect the 
pumping time and disposal times so that the dredge cannot always execute the required maneuvers. 
Because of these and other real-world constraints, the improvements in efficiency may be less than 
indicated by the analysis here. 

ACKNOWLEDGEMENTS 

The authors acknowledge the essential contributions of James Rosati, the SI developer. Mr. Rosati 
implemented the economic load computations in the SI program and performed the historical data 
analysis. The study was supported by New Orleans District of the Corps of Engineers. Permission 
to publish this paper has been granted by the Office, Chief of Engineers, U.S. Army Corps of 
Engineers. 

REFERENCES 

EM1125 Draft (1994). Engineering Manual for Hopper Dredge Operation. U.S. Army Corps of 
Engineers. 

Ottevanger, G., and van Rijn, M. J. (1992). The Tonnes Dry Solids System (T.D.S. System) 
a reliable means of remuneration. Proceedings of the XIIIth World Dredging Congress 1992, 
Bombay, India, 7-10 April 1992, 577-594. 

Rosati, J , (1998). The Silent Inspector system, Proceedings of the 15th World Dredging 
Congress, Las Vegas, June 29-July 2, 1998. World Organization of Dredging Associations, 93- 
104. 

Rosati, J., III, and Prickett, T. L. (2001). Silent Inspector implementation procedures for hop- 
per and pipeline dredges, DOER Technical Notes Collection (ERDC TN-DOER-IG), U.S. Army 
Engineer Research and Development Center, Vicksburg, MS. 
ilitp:~i\\ ii ?‘i.:i~~,“i.;~i’ill~ ~.ii!i~.i~li~Ji?l~li,i~~t‘i~llL‘i:lli~i~11-’.~l?iIli 

Rullens, R. C. (1993). Production measurement methods for trailing suction hopper dredges, 
Thesis, Faculteit der Civiele Techniek, Delft University of Technology, The Netherlands. 

Scott, S. (2000). Uncertainty Analysis Applied to Dredge Production Calculation, DOER 
Technical Notes Collection (ERDC TN-DOER-IS), U.S. Army Engineer Research and DeveJop- 

11 



ment Center, Vicksburg, MS. !I~!IJ: i/t: v,\;.‘\1’4.;11 r:li.li’II’i’?:;:l?i:,.lii “i / ~,‘!.~lc.i.liitc,lL~~r~~r~~ 
Welp, T. L., and Rosati, J., III. (2000). Initial Corps experience with Tons Dry Solid (TDS) 

measurement, DOER Technical Notes Collection (ERDC TN-DOER-12), U.S. Army Engineer Re- 
search andDevelopment Center, Vicksburg, MS. h!~j~:,‘/!i iz ~~.\~c*~~.~l~.rli\.~!iil/illitj~,l~jij!,i‘~:!i”c‘/~~lcri:~ i~lml 

12 


	CD-ROM Table of Contents
	Search
	Help
	Proceedings Information
	Author Index
	A-I
	J-Z

	Sessions
	Track 1
	1A: Dredging Operations and Environmental Research (DOER) 1
	Introduction to the Dredging Operations and Environmental Research Program
	Dredging Risk Assessment Modeling Applications (DRAMA) for Evaluation of Dredging Impacts
	Dredging Operations and Environmental Research: Focus on Contaminated Sediment
	Confined Disposal Facility Reclamation Research
	Dredging Operations and Environmental Research Program: Building Tools for Objective Determination of Environmental Windows

	1B: Dredging Operations and Environmental Research (DOER) 2
	Characterization of Underwater Sounds Produced by Dredges
	Corps Innovative Technology Research Under the Dredging Operations and Environmental Research (DOER) Program
	Real-Time Data Transfer and Display with the Silent Inspector
	Fate and Effect of an Experimental Mixed-Sediment Mound
	U.S.-European Co-Operation on Turbidity Measurement and Prediction

	1C: Dredging Operations and Environmental Research (DOER) Wrap-Up and Other Programs
	Dredging Operations and Environmental Research (DOER) Program: Technology Transfer Planning Results in Effective Technology Infusion
	The National Dredging Team’s Action Agenda: Issues and Actions for the Next Decade
	A New Approach to Water Quality Monitoring for Dredging: Getting Data Around-the-Clock
	The Water Resources Development Act for Restoration of Urban Waterway Superfund Sites

	1D: Contaminated Dredged Material Management in Europe
	Regulation of Dredged Material Disposal at Sea in North-West Europe by the Oslo/Paris (OSPAR) Convention
	Dredged Material Management in Hamburg: Experiences and Developments
	Strategies for Management of Dredged Materials in the Netherlands
	Environmental Guidelines for Confined Disposal Facilities for Contaminated Dredged Material
	Management of Contaminated Dredged Material in the Port of Huelva (Spain)

	1E: Innovative European Dredging Management and Techniques
	Dredging Efficiently—Dredging Techniques and its Effects to the Environment
	Stimulation of Treatment of Contaminated Sediments in the Netherlands
	Disposal of Contaminated Sediments from Oslo Harbor in an Anoxic Deep-Water Basin
	Polychlorinated Biphenyl (PCB) Fingerprinting—A Useful Tool in Sediment Characterization and Source Localization
	Alliance or Partnering Contracts for Dredging

	1F: Sediment Characterization
	Site Characterization: Its Importance for Environmental Dredging
	Site Characterization in Support of the Ruck Pond Sediment Removal Action
	Profiling the Depth and Extent of Contamination of a Ship Channel Using the P450RGS Cell-Based Assay for Dioxins and Related Compounds
	Availability, Treatability, and Toxicity of Dichlorodiphenyl-Trichloroethane (DDT) in River Sediments

	1H: Dredged Material Disposal Testing
	Evaluation of Dredged Material Disposal Options Using Chemical and Biological Testing Data and Risk Based Indices
	Use of a Weight-of-Evidence Method in Evaluating Regulatory Programs for Contaminated Sediment Management
	Interpretation of Sediment Characterization Data for Dredging Projects in United States Army Corps of Engineers (USACE), Jacksonville District

	1I: Disposal Area Monitoring System (DAMOS) Program
	Evaluating Sub-Channel Confined Aquatic Disposal Cells: Experience from the Boston Harbor Navigation Improvement Project
	Development and Long-Term Fate of a Capped Disposal Mound at an Open Water Dredged Material Disposal Site
	Benthic Recolonization of a Capped Dredged Material Mound at an Open Water Disposal Site in Long Island Sound
	Subaqueous Capping Demonstration Project at the Massachusetts Bay Disposal Site
	Aquatic Disposal Site Selection: A Critical Review

	1J: Alternative Dredging Methods
	Developments in Dredging Equipment During the Last Decade
	Latest Developments in Small Hydraulic Dredges for Contaminated Sediment Removal in the USA
	Evaluation of a Berth Sedimentation Control Technology in the Kill Van Kull: The AirGuard™ Pneumatic Barrier System
	The SILT Excavator—Technical Aspects and Modes of Operation
	The SILT Wing Excavator—An Innovative Sediment Leveling and Grading Device

	1K: Modeling and Simulation of Dredging Operations
	Particle Trajectories Along a Cutter Head Blade Using the Results of a Computational Fluid Dynamics (CFD) Model for the Flow
	The Pipeline Transport of Different Sand Fractions in Dense Slurries
	The Cutting of Water Saturated Sand at Large Cutting Angles
	Probabilistic Description of Sediment Plume Requirements at the Øresund Fixed Link Dredging Project


	Track 2
	2A: St. Lawrence River Case Study
	Dredging Polychlorinated Biphenyl (PCB)-Contaminated Sediment from the St. Lawrence River: Project Overview
	Flow Sheet Logic and Decision Criteria for Defining an End Point to Dredging when Cleanup Goals are not Obtained
	Unexpected Conditions, Unforeseen Complications and Unplanned Expenditures: Lessons Learned in the Dredging of Polychlorinated Biphenyl (PCB)-Contaminated Sediment from the St. Lawrence River
	Post-Dredging Economic Analysis for Remediation of Polychlorinated Biphenyl (PCB)-Contaminated Sediment in the St. Lawrence River near Massena, New York
	Environmental Dredging in the St. Lawrence River: A Case Study

	2B: Commencement Bay Case Study
	A Perspective on Two Decades of Cleanup Efforts in Commencement Bay
	Muddy Waters: Navigation Dredging, Regulations and the Commencement Bay/Nearshore Tideflats Superfund Site
	Thea Foss Waterway Remediation and St. Paul Waterway Nearshore Fill Design
	Middle Waterway Sediment Remediation: A Case Study
	City of Tacoma’s Estuarine Restoration Projects in Commencement Bay

	2C: Sediment Remediation on the Pacific Coast of North America
	The Cascade Pole Site Sediment Remediation: Part 1—The Road to Remediation
	Cascade Pole Sediments Remediation Project: Part 2—Design and Construction
	Monitored Natural Recovery and Dredging Decision Analysis at Bellingham Bay, Washington
	Naval Station San Diego Pier 10-11 Replacement

	2D: Environmental Dredging Case Studies 1
	Sediment Removal and Restoration of Town Branch Creek in Russellville, Kentucky
	Environmental Dredging and Site Improvements at Two Coastal Oregon Shipyards
	Non-Time-Critical Removal Action (NTCRA) Summary—Grasse River, Massena, New York
	A Protocol for Predicting Environmental Benefits of Dredging Using Fate and Transport Models

	2E: Environmental Dredging Case Studies 2
	Distribution of Fishes in the Vicinity of Dredging Operation in the James River, Virginia
	Remediation Through Dredging and Bioengineered Containment
	Dredging Contaminated Sediments in Norway—Exceptional Challenges!
	Sediment Remediation at the Unnamed Tributary to the Ottawa River

	2F: Dredging as a Remediation Tool
	Environmental Dredging Success Stories—A Contractor’s Perspective
	An Evaluation of Environmental Dredging for Remediation of Contaminated Sediment
	Contract Methods for Environmental Dredging—Remediation, Capping, and Thin Cap Application
	Meeting the Demands of Environmental Dredging Requirements
	Application of the National Research Council (NRC) Framework for Evaluation of Remedial Actions at a Polychlorinated Biphenyl (PCB) Contaminated Sediment Site

	2H: Dredging and Capping Remediation Sites
	Design of Sorbent Cap for Control of Seepage and Sequestration of Coal-Tar Non-Aqueous Phase Liquid (NAPL) and Polycyclic Aromatic Hydrocarbons (PAHS)
	Implementation and Monitoring of a Combined Sediment Capping and Habitat Restoration Project at a Mercury Contaminated Marine Sediment Site
	Monitoring the Physical Effects of Sediments and Contaminants During Dredging Operations to Assess Environmental Impact
	Ghost Shrimp Bioturbation and Effective Contaminated Sediment Cap Design

	2I: Environmental Dredging Planning
	A Summary of Preliminary Technical Evaluation of Remedial Technologies for Lake Okeechobee, Florida
	Specifying an Overdredge Allowance for Environmental Clamshell Dredging in Puget Sound
	Verification of Environmental Clamshell Dredging—St. Lawrence River Remediation Project
	Sediment and Water Quality Evaluation Framework for Disposal of Dredged Material in an Upland Rehandling Facility, Portland, Oregon

	2J: Water Quality Impacts from Dredging Operations 1
	Synthesis of Models and Data Related to Water Quality Impacts of Dredging Operations
	Evaluation of Closed Buckets for Remedial Dredging and Case Histories
	Quantifying Environmental Dredging Contaminant Losses with a Multimedia Chemodynamic Model
	Eddy Pump Dredge Effects on Water Quality During a Demonstration Project at Indiana Harbor Canal
	The Effects of Dredging with Chamshell Buckets on Turbidity and Total Suspended Solids in Sinclair Inlet, Washington

	2K: Water Quality Impacts from Dredging Operations 2
	Field Verification of Computer Models Predicting Plume Dispersion in Hong Kong
	Dredge Plume Tracking and TSS Calibration with ADCP Acoustic Back Scatter
	Runoff Water Quality of Hydraulic Dredging Disposal Operations at Unconfined Disposal Sites in the Atlantic Intracoastal Waterway
	Monitoring Dispersion of Dredged Material Following Riverine Deep Trough Disposal


	Track 3
	3A: Economic Aspects of Dredging for Navigation
	U.S. Army Corps of Engineers Dredging of Channels and Waterways
	Characterization of the Container Transportation Industry
	Dredging-Related Implications of Current and Future Trends in the International Shipping Industry
	Key U.S. Harbor and Channel Improvements: Planning for Future Global Needs
	The Challenge to Modernize the U.S. Inland Waterways

	3B: Economic Aspects of Dredged Material Disposal
	Management of Dredged Material Disposal: Public Sector Responsibility or Private Sector Opportunity?
	Investment Considerations Involved in Channel Construction and Terminal Redevelopment at the Port of New York and New Jersey
	Synergy in Port Development and Environmental Protection Within the New York/New Jersey Harbor Estuary
	How Long-Term Dredging Policies Can Impact the Community: Finding a Dredged Material Placement Site in St. Joseph, MI
	How Long-Term Dredging Can Benefit the Community: Embracing Placement Sites in Holland, MI

	3C: Dredged Material Management Plans
	The Development and Economics of a Dredged Material Management Plan (DMMP): New England Perspective
	The History, Development and Implementation of the Long Term Management Strategy for the Placement of Dredged Material in the San Francisco Bay Region
	Thirteen Year Implementation Retrospective on the Dredged Material Management Program (DMMP) in the Northwest
	Dredging and Recontouring of New York-New Jersey Harbor for Benthic Habitat Restoration and Water Quality Improvement

	3D: Treatment of Dredged Material
	New Approach to Treating the Soft Clay/Silt Fraction of Dredged Material
	Geotechnical Properties of Cement Treated Dredged Sediment to be Used as Transportation Fill
	Siting and Permitting of Sediment Processing/Decontamination Facilities—Two Case Studies in New Jersey
	Treatment of Contaminated Dredged Material

	3E: Confined Aquatic Disposal
	Modeling to Assess Impacts of Proposed Sub-Channel Placement Cells in Newark Bay, Port of New York and New Jersey
	Evaluation of Contaminant Flux from Contained Aquatic Dredged (CAD) Sites Using the Capping Analysis Program (CAP) Model
	Ross Island Lagoon—A Case Study for Confined Disposal of Contaminated Dredged Material, Portland, Oregon
	Dredged Material Management Alternatives: Islands, Sub-Aqueous Placement Cells and Sedimentation Minimization
	Rock Dredging on the Malabar Coast of India

	3F: Confined Disposal Facility (CDF) Pathways
	Case Study to Illustrate Evaluation of Contaminant Pathways for Upland Dredged Material Disposal
	Tiered Evaluations for Confined Disposal Facility (CDF) Contaminant Pathways— Upland Testing Manual
	Evaluation of Water Quality Impacts Related to the Construction of a Nearshore Confined Disposal Facility
	Effect of Vadose Zone on Confined Disposal Facility (CDF) Leachate Concentration
	Detroit District Perspective on Confined Disposal Facility (CDF) Performance

	3H: Dredged Material Disposal in the Great Lakes
	Great Lakes Dredging Team: A Regional Advocate for Sound Dredged Material Management
	Confined Disposal Facilities on the Great Lakes: 40 Years’ History
	Regional Great Lakes Dredged Material Testing and Evaluation Manual: A Comprehensive Critique on Its Application
	Attempts to Develop Beneficial Uses for Milwaukee Harbor and Green Bay Harbor Dredged Material

	3I: Los Angeles Dredged Material Management Plan (DMMP) Pilot Studies 1
	Developing a Los Angeles Region Dredged Material Management Plan: A Coordinated Effort
	Los Angeles Region Dredge Material Management: Contaminated Sediments Task Force (CSTF) Purpose, Goals, Relationship to Pilot/Bench Studies
	Los Angeles Region Dredged Material Management—Design and Construction of the Aquatic Capping Pilot Project
	Los Angeles Region Dredge Material Management—Aquatic Capping Pilot Project Monitoring

	3J: Los Angeles Dredged Material Management Plan (DMMP) Pilot Studies 2 and Palos Verdes Shelf Case Study
	Los Angeles Region Dredged Material Management Plan: Cement-Based Stabilization Pilot Study
	Los Angeles Contaminated Sediments Task Force Dredge Material Management Program Feasibility Study—Sediment Washing Bench Scale Studies
	Palos Verdes Shelf Pilot Capping: Description and Rationale
	The Palos Verdes Shelf Pilot Capping Project: A Monitoring of Cap Placement Operations and Bottom Surge Currents
	The Palos Verdes Shelf Capping Project: Monitoring of the In-Situ Cap Following Placement Operations

	3K: Geotechnical Aspects of Dredged Material
	Geotechnical Characterization of Dredged Material Containment Areas
	Geotechnical Characterization of Dredged Materials
	Comparison of Two Modeling Approaches for Simulating the Consolidation and Desiccation Behavior of Dredged Fill
	Port of Portland’s Changes in Maintenance Dredging: Barge Unloading and the New Dredged Material Rehandling Facility


	Track 4
	4A: Beneficial Uses—Contrasts
	Beneficial Use of Great Lakes Dredged Material
	Houston-Galveston Navigation Channels, Texas Project: 50-Year Plan Development and Design
	Breton Island Restoration Project
	The Role of Port Canaveral Inlet Management in Restoring Brevard County Beaches
	Beneficial Uses of Dredged Material from the Quonset Point/Davisville Intermodal Port

	4B: Regulatory Considerations for Beneficial Reuse
	Barriers to the Beneficial Use of Dredged Material and Potential Solutions
	Regulatory Requirements for Beneficial Use of Dredged Material in an Upland Environment
	Beneficial Use of Dredged Material in Brownfields
	Long Term Dredged Material Management Strategic Alternatives
	Weight of Evidence Framework for Evaluating Beneficial Use of Dredged Material

	4C: Beneficial Uses—Case Studies
	Beneficial Use of Contaminated Dredged Sediments in Portland Cement Manufacture
	Stabilization of a Waterfront Structure
	Biological Monitoring of Beach Nourishment Operations in Northern New Jersey, USA: Linkages Between Benthic Impacts and Higher Trophic Levels
	Beneficial Uses of Dredged Material: Part of the Solution to Restoration of Louisiana’s Coastal Wetlands

	4D: Coastal Inlets Research Program
	The U.S. Army Corps of Engineers’ Coastal Inlets Research Program
	Channel Reliability Study, Willapa Bay, Washington
	Numerical Simulation of Navigation Channel Infilling, Bay Center, Washington
	Measurement of Estuarine Physical Processes and Dredged Channel Response, Willapa Bay, WA
	Reduction of Unanticipated Intracoastal Waterway Current by Relocating the San Bernard River Mouth, Texas

	4E: Diagnostic Modeling System (DMS)
	Geographic Information System (GIS) Applications Within the Diagnostic Modeling System (DMS)
	Diagnostic Modeling System (DMS) Application to the Jacksonville Harbor Project, Florida: Evaluation of Training Wall Structures and Advance Maintenance Areas
	Evaluation of Channel Shoaling and Efficiency of Wideners: Diagnostic Modeling System (DMS) Application to St. Marys Entrance, Florida
	Alternatives for Reducing Shoaling at the Mouth of the Colorado River Navigation Channel, Texas
	Optimal Plans and Costs for Maintenance Dredging Operations

	4F: Regulatory Programs
	The Dredging Safety Management Program—A Bold New Approach to Dredging Safety
	Military Mission and the Environment: The Navy in San Diego Bay
	Clean Water Act/Endangered Species Act: A “Regulatory” Perspective and Case Study in the Pacific Northwest
	U.S. Army Corps of Engineers New Dredging Engineer Manual: “Dredging and Dredged Material Placement”
	Real-Time Computation of Economic Load for Hopper Dredges

	4H: Global Perspectives on Dredging
	Cutter Suction Dredge Productivities in Semi-Protected Harbors
	Le Harve–Port 2000: A New Port for Containers Combined with Ecological Engineering
	Sedimentation of Seawater Intake of Fire-Fighting Systems for Elhamra Terminal, Egypt

	4I: Alternative Disposal Methods
	Rapid Dewatering System
	Dredged Material Placement Planning: Specific Examples and Generic Models
	Swamp Restoration Using the Geo-Tube Method
	Placing and Capping Fine-Grained Dredged Material

	4J: Physical Impacts from Dispersion of Disposed Dredged Material
	An Inland Tombolo Affects Maintenance Dredging at Berth 501, Port of Portland
	Evaluation of Shelf, Harbor and Disposed Dredged Sediments as Potential Sources of Deposited Muds on South Florida Reefs
	State of the Art on Dredge Track Presentation System (DTPS) in Conjunction with Dredge Related Instruments/Automation and Sensors
	Optimised Harbour Basins

	4K: Open Water Disposal Case Studies
	Managing Dredged Sediment Placement in Open-Water Disposal Sites, Upper Chesapeake Bay
	Model for Evaluating Material Transport from Ocean Dredged Material Disposal Sites
	Ecological Impacts of Open-Water Placement of Dredged Materials in Corpus Christi Bay, Texas
	Development of Guidelines for Dredged Material Disposal Based on Abiotic Determinants of Coral Reef Community Structure



