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Dredging Quick FactsDredging Quick Facts
• USACE is not 

responsible for 
agricultural, industrial 
and urban discharges 
of soil and their 
associated 
contaminants.  

• USACE is responsible 
for maintaining 
navigation depths in 
the federal channel 
and dredge/fill permits

• Watershed erosion, left 
unabated, will remain 
the main contributor 
for the need to dredge

Sources of origin and 
contamination
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Beneficial UseBeneficial Use
• What is it?

Regional Sediment ManagementRegional Sediment Management
• The use of sediment resources removed in dredging 

operations for shoreline habitat or structure, land 
development or as raw material in construction and 
soil material products.

Keeping a productive resource in 
the watershed system
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Two Paths for BUTwo Paths for BU
• Beneficial use is part of the 

dredging and placement process


 

Regional Sediment Management
– Keeping sediment in the system

• Beneficial use is part of the CDF 
recovery process


 

Mining CDFs to reclaim capacity


 

Design CDFs for placement & processing 
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Where Did it Go Where Did it Go -- 2008?2008?

• "Of the 300 million 
cubic yards of sediment 
the USACE dredges 
annually to facilitate 
navigation, an 
estimated 5 to 10 
percent is 
contaminated."  NRC, 
Committee on 
Contaminated Marine 
Sediments, National 
Academy Press. 1997.

• ~  40% was used 
beneficially in 2008

Disposal Type Cubic yds % of Total

Beach 
Nourishment

4,833,125 3.3

Confined 12,565,711 8.6

Underwater 
Confined

2,926,000 2.0

Mixed Types 5,186,694 3.5

Overboard & 
Open Water

50,050,381 34.2

Open & Upland 3,435,000 2.3

Beach & Upland 929,000 0.6

Upland 3,897,019 2.7

Wetland 
Nourishment

49,075,000 33.5

Undefined 13,385,700 9.2
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Beach NourishmentBeach Nourishment
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Dike 10B, 
Cleveland

Construction FillConstruction Fill
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Agriculture/Forestry Agriculture/Forestry 

CO2 Credits
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RecreationRecreation
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Wetland Habitat and Shoreline ProtectionWetland Habitat and Shoreline Protection
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Island HabitatIsland Habitat
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NY Harbor Dredged Material, 
Bark Camp

MinelandMineland ReclamationReclamation

75 m

Erie Pier CDF

Taconite Mines

Coastal LA: How did this rock get here?
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Dredged Material RecyclingDredged Material Recycling
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Construction MaterialsConstruction Materials
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Blending to Meet NeedsBlending to Meet Needs
• Cellulose



 

Yard wastes, paper wastes
• Biosolids



 

Sewage sludge, animal wastes
• Industrial by-products



 

Red mud, fly ash
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Dredged Material to Landscapes
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Grand Haven, MIGrand Haven, MI
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So, What is the Problem?So, What is the Problem?

http://www.nrcs.usda.gov/
http://www.noaa.gov/index.html
http://www.fws.gov/
http://www.toledoportauthority.org/
http://www.sierraclub.org/
http://www.ci.toledo.oh.us/
http://www.cnn.com/
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ISSUESISSUES

• Perceptions w/o scientific basis
• Lack of clear regulatory guidance
• Uncertainty dealing with contaminants
• Fear of product liability
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Formula for SuccessFormula for Success

• A four-part formula is usually required for 
success
 Technical feasibility 
 Legal / regulatory concerns
 Public support
 Economics (value added)
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USEPA/USACE USEPA/USACE 
Planning/AuthoritiesPlanning/Authorities
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EPA/CE Evaluation Framework EPA/CE Evaluation Framework 
• BU opportunities
• Physical suitability
• Logistics & Mgt 

needs
• Environmental 

suitability – no 
testing methods 
specified


 

State/Fed 
screening criteria



 

Physical & 
biological tests
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Regional Upland BU GuidanceRegional Upland BU Guidance
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State RegulationsState Regulations
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Regulatory Authority and BURegulatory Authority and BU

Disposal in coastal 
waters – MPRSA

Fill or discharge to 
coastal & inland 
waters – CWA

Upland – CWA if 
return flow and   
NEPA.  Some 
states regulate as 
solid waste
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Summary of Current GuidanceSummary of Current Guidance

Suggested development of a Beneficial Uses Testing Manual
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Testing Guidance for Dredged MaterialTesting Guidance for Dredged Material
• Evaluation of Dredged Material Proposed for Ocean Disposal 

(Ocean  Testing Manual) – Evaluates suitability - BU


 

Sec. 103, Marine Protection, Research and Sanctuaries Act (1972)


 

Marine Water Quality Criteria


 

Biological Exposure/Effects

• Evaluation of Dredged Material Proposed for Discharge in Waters 
of the U.S. - Testing Manual (Inland Testing Manual) – Evaluates 
suitability - BU


 

Section 404 Clean Water Act (1977)


 

Fresh Water Quality Criteria


 

Biological Exposure/Effects

• Evaluation of Dredged Material Proposed for Disposal at Island, 
Nearshore, or Upland Confined Disposal Facilities – Testing 
Manual (Upland Testing Manual) - Evaluates management needs


 

National Environmental Policy Act and CWA


 

Bioavailability and Transport of Contaminants
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Critical Need Critical Need -- Reclaim CDF CapacityReclaim CDF Capacity

Issues
• Material in CDFs assumed not suitable for open 

water disposal


 

Assumed to be contaminated
• Material from mixed dredging projects



 

Sampling and characterization – segregate, blend?
• Testing and evaluation procedures are not well 

established for upland beneficial uses - many


 

State regulatory requirements vary widely
• Testing guidance needed for Beneficial Uses
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Evaluating Terrestrial Beneficial UsesEvaluating Terrestrial Beneficial Uses

• Issues


 

Terrestrial use of dredged material complex


 

Risks may change depending on site selection
– Wetland, upland



 

Risks affected by type of site use, potential 
receptors

– Habitat, agronomic, recreational, industrial


 

Dredged material not regulated under MPRSA or 
CWA may be subject to Solid Waste Rules or 
other requirements 

– State requirements vary
– Criteria mostly based on human health risks or 

groundwater protection
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Considerations for SuitabilityConsiderations for Suitability
• Considers processing to 

enhance physical suitability 


 

Separation, washing, etc
• Considers dredged material as 

a component of a final product


 

May be blended with other 
materials to enhance 
performance

• Considers treatment options to 
eliminate or reduce risks


 

Chemical or biological 
treatment

• Final product subject to testing
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Physical SuitabilityPhysical Suitability
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Physical SuitabilityPhysical Suitability

• Issues


 

Considerations in habitat restoration, 
enhancement

– Similar physical characteristics (particle size, geologic 
origin, salinity, etc)

– Transport of invasive or detrimental biological 
components 

A concern as distance from source to use increases
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Environmental SuitabilityEnvironmental Suitability

Freshwater amphipod
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Contaminant pathways


 

Soil 
– Direct contact, ingestion



 

Water
– Water quality criteria (water column, effluent, surface runoff, 

leachate)


 

Plant
– Wetland and upland toxicity and bioaccumulation



 

Animal
– Water column toxicity / Benthic bioaccumulation
– Soil invertebrate toxicity and bioaccumulation



 

Air
– Volatile emissions
– Dust

Consider contaminant degradation/sequestering

Environmental Suitability
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Tiered Testing ApproachTiered Testing Approach
• Tier I – Existing info, material determined inert
• Tier II – Compare DM chemistry to screening level



 

Pass: no further contaminant evaluation


 

Fail: Further evaluation 
• Tier III - Physical and biological tests for bioavailability



 

Biological exposure for bioavailability or site specific use
• Tier IV - Risk assessment
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Comparison of State Criteria for Beneficial Use of Dredged MaterComparison of State Criteria for Beneficial Use of Dredged Materialial 
Industrial UseIndustrial Use
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Comparison of State Criteria for Beneficial Use of Dredged MaterComparison of State Criteria for Beneficial Use of Dredged Materialial 
Compost or Topsoil, Unrestricted UseCompost or Topsoil, Unrestricted Use



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

Contaminant

Mammalian 
herbivore 
(vole)

Mammalian 
ground 
insectivore 
(shrew)

Mammalian 
carnivore 
(weasel) Avian

Avian 
herbivore 
(dove)

Avian 
ground 
insectivore 
(woodcock 
)

Avian 
carnivore 
(hawk)

Antimony 10 0.27 4.9 NA NA NA NA
Arsenic 170 46 170 43 61 43 1100
Barium 3200 2000 9100 NA NA NA NA

Berryllium 21 34 90 NA NA NA NA
Cadmium 73 0.36 84 0.77 28 0.77 630

Chromium
Cr III - 380     
Cr VI - 1400

Cr III - 34     
Cr VI - 130

Cr III - 180     
Cr VI - 870

Cr III - 26   
Cr VI - NA 78 26 780

Cobalt 2100 230 470 120 270 120 1300
Copper 1100 49 560 28 76 28 1600

Lead 1200 56 460 11 46 11 510
Manganese 5300 4000 6200 4300 4300 4300 65000

Nickel 340 NA 130 210 210 NA 2800
Selenium 2.7 0.63 2.8 1.2 2.2 1.2 83

Silver 1500 14 990 4.2 69 4.2 930
Vanadium 1300 280 580 7.8 13 7.8 140

Zinc 6800 79 10000 46 950 46 30000

USEPA Ecological Soil Screening Levels (Eco-SSLs)
Derived from standardized exposure/toxicity effects
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Metals
Island 18

CDF
10-B
CDF

Lorain
CDF

Ohio 
Criteria

For 
Reuse

WI        
NR 538

Eco-SSL 
Plant to 
Avian

Eco-SSL 
Worm to 

Avian

Eco-SSL 
Worm to 
Mammal

Eco-SSL
Plant to 
Mammal

As 131 13 12 12 0.042 61 43 46 170

Cd 2.6 2.6 5.4 10 7.8 28 0.77 0.36 73

Cr 20 20 33 218 14.5 78 26 34 380

Cu 39 39 47 1127 NA 76 28 49 1100

Hg 0.071 0.071 0.095 6.6 4.7 NA NA NA NA

Ni 28 28 37 50 310 210 NA NA 340

Pb 34 34 39 70 50 46 11 56 1200

Ag 0.7 <1 0.3 NA 9400 69 4.2 14 1500

Zn 186 186 189 200 4700 950 46 79 6800

Soil Chemistry:Soil Chemistry: 
Comparison of metals in dredged material to screening levels, mgComparison of metals in dredged material to screening levels, mg kgkg--11.   .    
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Surrogate Receptor = Vole Exposed Plant = Yellow Nutsedge

Plant Bioassays to Determine Bioavailability of 
Contaminants

http://voles.com/Meadow_Vole-diet_consists_of_green_vegetation.jpg
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Determine Acceptable Plant Conc.Determine Acceptable Plant Conc.

• Cplant = (TRV x BW)/(F x CR)
• Where: TRV = Toxicity Reference Value (mg dry weight/kg body 

weight per day), BW = the body weight of target receptor (kg), F = 
the fraction of vegetation consumed, CR = the consumption rate (kg 
dry weight plant per day)

• The toxicity reference value (TRV) provided for the surrogate 
receptor group (mammalian herbivore) for cadmium is 0.770 mg dry 
weight per kg of body weight per day 
(http://www.epa.gov/ecotox/ecossl/pdf/eco-ssl_cadmium.pdf).  Using 
the surrogate species (vole) with a body weight of 25 g (0.025 kg) 
and assuming the diet is 100% plant tissue at a rate of 0.0875 kg 
plant/kg body weight (0.002188 kg/day) then we have the following:

• Solving for Cd:


 

Cplant = (0.770 mg kg-1  x 0.025 kg) / (1 x 0.002188 kg) = 8.8 mg kg-1

http://www.epa.gov/ecotox/ecossl/pdf/eco-ssl_cadmium.pdf
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CONTAMINANT
FOOD INGESTION 
RATE
(KG DW/KG BW/D)

TOXICITY 
REFERENCE 
VALUE
(MG DW/KG BW/D)

ACCEPTABLE 
PLANT CONC. 
MG/KG

LORAIN
CDF

DIKE 10-B 
CDF

ISLAND 18 
CDF

Plant to 
Mammalian

Plant to 
Mammalian

Plant to 
Mammalian

Arsenic 0.0875 1.04 11.8 0.543 <0.05 <0.5

Cadmium 0.0875 0.770 8.8 6.797 1.29 10.267*

Chromium (III) 0.0875 2.40 27.3 0.823 0.59 0.65

Copper 0.0875 5.82 66.1 10.057 8.13 11.75

Lead 0.0875 4.70 53.4 10.617 3.64 4.217

Nickel 0.0875 1.70 19.4 1.54 1.04 1.71

Silver 0.0875 6.02 68.8 <0.50 <0.50 <0.517

Comparison of acceptable plant concentrations to Comparison of acceptable plant concentrations to 
dredged material plant concentrations.dredged material plant concentrations.

*Island 18 dredged material = 2.6 mg kg-1, Eco-SSL =73 mg kg-1.
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Location

Soil pH Clay, % Soil Cd3 Plant Cd3 BAF

Island 18 7.5 38.3 2.6 10.267 3.95

Toledo Reference 6.4 42.5 2.2 1.450 0.66

Dike 10-B 6.8 9.2 2.6 1.29 0.50

Cleveland Reference 5.7 7.5 0.99 3.67 3.71

Lorain CDF 7.2 21.7 5.4 6.797 1.26

Lorain Reference 6.9 15.8 3.8 4.870 1.28

Detroit River 8.1 27.5 7.7 1.17 0.15

Michigan City 7.4 12.5 6.2 17.64 2.85

Michigan City 7.2 9.6 35.9 7.8 0.22

Indiana Harbor 7.6 5 16 6.34 0.40

Indiana Harbor 6.7 14.6 45.6 1.27 0.03

Milwaukee Harbor 7.7 25.9 7.8 1.84 0.24

Menominee River 6.4 8 0.1 1.44 14.40

Menominee River 7 6.5 9.3 9.57 1.03

Sediment/Soil characteristics and plant Sediment/Soil characteristics and plant 
available cadmium.available cadmium.
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SummarySummary

• Any dredged material can be used beneficially - 
$$ is the only limitation

• Environmental restoration offers greatest 
widespread use in volume

• Research continues to develop defensible 
screening criteria and more cost-effective testing 
procedures 

• Potential risk associated with low to moderate 
contaminant levels best addressed by biological 
exposure testing – site/use specific

• Beneficial use is still evolving





Web ResourcesWeb Resources
• Dredging Operations Technical Support 

http://el.erdc.usace.army.mil/dots/dots.html

• Beneficial Uses of Dredged Material 
http://el.erdc.usace.army.mil/dots/budm/budm. 
cfm

• Dredging Operations and Environmental 
Research Program 
http://el.erdc.usace.army.mil/dots/doer/doer.ht 
ml

http://el.erdc.usace.army.mil/dots/dots.html
http://el.erdc.usace.army.mil/dots/budm/budm.cfm
http://el.erdc.usace.army.mil/dots/budm/budm.cfm
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