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Presentation ObjectivePresentation Objective

Risk Management –
Reduce sediment resuspension risks 
(where unacceptable) to acceptable levels 
by use of engineering controls, and/or use 
of operational controls.

Presenter
Presentation Notes
!!!!!!Important – you only need to take special measures where there is an unacceptable risk!!!!




The various objectives being pursued in navigation
dredging and environmental dredging can result in significant differences
in evaluating the effectiveness of dredging and in establishing performance
metrics (e.g., success measured as production in cubic yards per hour
versus waterbody acres or river miles where risk has been substantially
reduced).
input to a
remedy selection process based on a comparison of predicted net risk
reduction of all remedial technologies under consideration.
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ConceptConcept
• Risk is managed by managing the 

exposure.  
• Exposure can be managed by controls 

that:
- reduce the source concentration, 
- alter the source location, 
- reduce total mass of sediment resuspended in the  
water column,

- alter transport of resuspended sediment, 
- increase settling.  
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Definition: Requires a physical 
construction technology or modification 
of the physical dredge plant to cause the 
desired change in conditions.

Engineering ControlEngineering Control

Source: Geotechnical 
Supply Inc
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Operational ControlOperational Control
Definition: Action that can be undertaken by 
dredge operator to reduce unacceptable risks of 
the dredging operations.
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If it is determined that If it is determined that 
unacceptable unacceptable risk(srisk(s) exist) exist

Engineering and/or operational controls
must be evaluated for effectiveness for the
site-specific conditions.
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Control ApplicationsControl Applications

Changes in dredging equipment and/or 
operations can modify:
- the resuspended sediment concentration at source,
- total mass of sediment resuspended in the water column, 
- the release points, 
- transport of resuspended material.
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But changes in dredging equipment 
and/or operations involves tradeoffs:
- dredge production rates, 
- project duration, 
- costs,
- etc.

Control ApplicationsControl Applications
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TradeoffsTradeoffs
• Are involved with the use of engineering 

and operational controls as risk reduction 
solutions.

- Big hopper dredges can cost 
REALLY APPROXIMATELY $85K/day.

- Big cutterheads can cost REALLY 
APPROXIMATELY $45K-$55K/day.

- Big mechanical dredges can cost 
REALLY APPROXIMATELY $25K- 

$30K/day.
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ControlsControls

• Controls should only be applied when 
conditions clearly indicate that they are 
needed.

• Should not be set as a requirement 
solely because they can be applied.

• Improperly used can have direct 
negative impacts on project and 
environment.
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Selection of Dredging EquipmentSelection of Dredging Equipment

• Physical characteristics of material to be dredged 
• Quantities of material to be dredged,
• Dredging depth,
• Distance to disposal area,
• Physical environment of the dredging and disposal 

areas, 
• Contamination level of sediments, 
• Method of disposal, 
• Production required, 
• Type of dredges available 
• Cost.

Presenter
Presentation Notes
In addition to the dredging itself, other operational aspects of dredging
can contribute to sediment resuspension; many of these potential sources
of resuspension activity have not been characterized or monitored in past
dredging operations. Tugs are often used to move the dredge, transport
scows to and from the operation, tend pipelines, move anchors, tend silt
screens, aid in debris removal, and other miscellaneous tasks. The extent
of sediment resuspension from prop-wash associated with these movements
is uncertain, although some methods for estimating these impacts
ERDC/EL TR-08-4 6
exist. Other operations such as spud operations and silt curtain management
may also contribute to sediment resuspension, but their contribution
has not been quantified.
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Mechanical versus hydraulic issues.
- Magnitude of resuspension,
- Location of resuspension in water column,
- Strength of resuspension,
- Continuous or intermittent. 

Factors Influencing Sediment Factors Influencing Sediment 
ResuspensionResuspension

Relative performance is a function 
of site specific conditions.

Presenter
Presentation Notes
However, the mechanisms of sediment resuspension depend heavily on
the specific nature of the dredging operation. Thus, resuspension rates are
inherently dredge specific, i.e. sediment resuspension from a cutterhead
suction dredge bears little relation to the sediment resuspension that may
result from a horizontal auger dredge, even though they are both hydraulicdredges. The same is true for different varieties of mechanical dredges and
even different bucket types.
The multi-factorial nature of dredging operations and site conditions complicates
the translation of resuspension data from one site to another. The
complexity is exacerbated because most past projects have not collected
the entire suite of data that influence resuspension. For example, few projects
have collected dredge operation data to match measures of resuspension.
Many past monitoring efforts have collected only a few water samples
and those had very low concentrations of suspended sediment near the
reliable quantification limit. Still, data for a few common dredge types are
sufficient to draw some general conclusions. Data from the most comprehensive
studies show resuspension rates for cutterhead dredges are generally
less than 0.5 percent and less than 1 percent for bucket dredges
without barge overflow (Hayes and Wu 2001). These rates are for
suspended sediment flux from the dredging zone and exclude fall-back and
fluid mud/density flows. While these rates include the impact of debris
where encountered, most of these projects were navigational dredging
projects with only sparse, and typically light, debris present.
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Engineering ControlsEngineering Controls 
Type of DredgeType of Dredge

• Empirical Solids Releases



 

Mechanical dredges
– Open or watertight 0.2 to 9%, typically 0.5 to 2%
– Environmental  0.1 to 5%, typically 0.3 to 1%



 

Hydraulic dredges
 

0.01 to 4%, typically 0.2 to 
0.8%

Resuspension of fine-grained 
mass of dredged sediment to water 

column
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Engineering ControlsEngineering Controls 
Size Matters Size Matters 

• As size increases:
- Production rate increases,
- Resuspension rate and therefore strength                 
(concentration) of resuspended sediment increases,

But, exposure time is decreased because the 
dredge is operated for a shorter amount of 
time and total mass of sediment resuspended 
is decreased.
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Engineering Controls                  
Silt Curtains

Silt curtains are devices designed to control 
suspended solids and turbidity in the water 
column generated by dredging and disposal of 
dredged material.
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Components of a Silt Curtain

Source: Julie Kistle
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Effectiveness of Silt CurtainsEffectiveness of Silt Curtains

Depends on:
- Nature of operation,
- Quantity and type of material in 

suspension,
- Characteristics, construction, and 

conditions,
- Method of deployment,
- Hydrodynamics. 

Source: Layfield
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Silt Curtains Silt Curtains ““Lessons LearnedLessons Learned””
• Used at various sites with various 

degrees of success.
• Should not be considered a “one- 

solution-fits-all” type of BMP.
• Are highly specialized, temporary-use 

devices that should be selected only 
after careful evaluation. 

• Requires knowledge and practical 
experience for successful applications.
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Silt Curtain Silt Curtain ““Lessons LearnedLessons Learned””

• Deploying in currents > 1 to 1 ½ knots 
problematic.

• Low current/high current conundrum.
• In general, should be used in slow to 

moderate currents, stable water levels, 
and relatively shallow water depths.

• Selection/use is extremely site-specific 
(not a silver bullet).

http://el.erdc.usace.army.mil/dots/doer/pdf/doere21.pdfhttp://el.erdc.usace.army.mil/dots/doer/pdf/doere21.pdf
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Operational ControlsOperational Controls
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Operational ControlsOperational Controls 
Slow DownSlow Down

• Slowing operation can decrease 
strength but may increase total mass of 
resuspension.   

• Slowing operation would change 
exposures - turbidity,              

- net deposition,                       
- deposition rate                     
- and potential dose.

Presenter
Presentation Notes
This is a complex multivariate problem with no simple answer-also depends on receptor.
Operational considerations such as production rate, thickness of
dredge cuts, dredging equipment type, method of operation, and skill
of the operator. The relationship between resuspension and each of
these operational mechanisms is not fully understood. However, it is
generally anticipated that resuspension is not particularly sensitive to
production rate except at very high levels, i.e. although extremely
aggressive dredging operations may increase resuspension at a rate
similar to the increase in production, resuspension losses as a percentage
of the mass of fine-grained sediment dredged seem to be relatively
constant over a wide range of normal production rates; thus, resuspension
rates may increase as production increases.
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Operational ControlsOperational Controls 
Mechanical DredgesMechanical Dredges

• Varying the bucket descent speed
• Varying the bucket ascent speed
• Varying the slewing speed
• Barge overflow/no overflow
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Operational Controls Operational Controls 
Mechanical DredgesMechanical Dredges 

Varying Bucket SpeedsVarying Bucket Speeds
Mechanical Dredge Bucket Cycle   Bucket Ascent & Instantaneous Mass Resuspension Percent Project 

Bucket Size Time   (Descent) Velocity Production Rate Rate Resuspension Duration
 yd3 (m3) sec           m/s (m/s) m3/hr g/s Days*
4.0 (3.0) 50      1.06 (0.8) 184 217 0.72 27
4.0 (3.0) 75      0.5   (0.37) 122 142 0.71 39
4.0 (3.0) 100      0.32 (0.24) 92 123 0.81 50

         30.0 (23.0) 50      1.06 (0.8) 1408 1432 0.61 4
         30.0 (23.0) 75      0.5   (0.37) 938 977 0.63 5
         30.0 (23.0) 100      0.32 (0.24) 704 843 0.73 6

*Based on 100,000 m3 project
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Operational ControlsOperational Controls 
CutterheadCutterhead DredgesDredges

• Using different cutterhead rotation 
speeds

• Using different swing speeds
• Varying the suction velocity
• Varying the cut height and step length
• Varying the direction of cut
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Operational ControlsOperational Controls 
Hopper DredgesHopper Dredges

• Changing the suction pipe velocity
• Varying the trailing speed
• Loading with one suction pipe instead 

of two
• Allowing overflow, not allowing 

overflow
• Vary draghead operation
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Operational ControlsOperational Controls

• These operational controls have been 
tested on a limited basis.

• Few data are available to support 
effectiveness of these controls in 
reducing resuspension.

• Experienced operators oft challenged 
to find optimal method and production 
rate.

Presenter
Presentation Notes
In hydraulic dredging, resuspension is generally minimized at the same point that production is optimized.
From this point, if the operation rate is slowed or accelerated, resuspension may be increased.
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Hypothetical Example Hypothetical Example 
Hopper Dredge & Open Water PlacementHopper Dredge & Open Water Placement
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Hypothetical ExampleHypothetical Example 
Hopper Dredge & Open Water PlacementHopper Dredge & Open Water Placement 

Operational Control Changing Placement LocationOperational Control Changing Placement Location
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Clamshell  Dredge 
Open Water Placement

Clamshell Dredge  
CDF Placement

Hopper Dredge        
Open Water Placement
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Time Series: Clamshell & Hopper Dredge DepositionTime Series: Clamshell & Hopper Dredge Deposition

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

15-Aug 17-Aug 19-Aug 21-Aug 23-Aug 25-Aug 27-Aug 29-Aug

Time (days)

D
ep

os
iti

on
 (m

m
)

Scow
Hopper



Dredged Material Assessment and Management Seminar
15-17 September 2009, Detroit, MI

Clamshell plume cross-section Hopper plume cross-section
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Engineering Controls to Reduce Fish Engineering Controls to Reduce Fish 
Passage TSS ExposurePassage TSS Exposure
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Hypothetical Example Hypothetical Example 
Dredging ScenariosDredging Scenarios
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Questions?
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