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Topics Covered 

• How has the cost of sediment remediation changed over 
the decades? 
 

• How has the movement towards large multi-year cleanups 
with larger more complex remedies affected cost of 
alternatives and estimation of costs? 
 

• Is the current framework for development of cost 
estimates sufficient for large scale “mega” sediment 
remediation projects? 
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Main Messages  

• Scale and complexity of sediment remediation projects has 
dramatically increased over the last few decades. 
 

• All-in unit cost of sediment remediation projects has risen 
dramatically, although cost of technologies has not. The 
increase in cost is being driven by larger lengths of river and 
more complex remedies. 
 

• Cost of alternatives plays an important role in decision making. 
However, these complex projects are difficult to cost often 
resulting in inaccurate estimates. 
 

• Probabilistic cost analysis needed to evaluate cost drivers and 
risk of cost increase to better inform decision making. 
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Trends in Sediment Remediation Costs 
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Trends in Sediment Remediation Costs 
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𝒖𝒖𝒖𝒖 𝒄𝒄𝒄𝒄 = 𝒕𝒕𝒕𝒕𝒕 𝒄𝒄𝒄𝒄 𝒐𝒐 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓
𝒕𝒕𝒕𝒕𝒕 𝒗𝒗𝒗𝒗𝒗𝒗 𝒐𝒐 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒎𝒎𝒎𝒎𝒎𝒎𝒎
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Cost Information for Dredging Projects 
(1994 to 2012) 

1Year indicates year construction was initiated. 
2Total cost includes construction costs only and excludes design and other costs. Range of dredge unit costs based on dredge and placement of 
material from waterway and side slopes/under piers. Only 30% of 425,000 cubic yards of sediments from Sitcum Waterway contaminated; 
combined with navigational dredging project. 
3Total cost includes construction costs only and excludes design and other costs. 
4Only all-in unit cost available. 
5Total costs include all pre- construction, site preparation, construction, transport and disposal, and engineering and monitoring costs. 
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Project Year1 Total Cost 
(million $) 

Total Removal Volume 
(cubic yards) 

All-In Cost ($ / 
cubic yard) 

Dredge Unit Cost 
($ / cubic yards) 

Sitcum Waterway2 1994 18.1 2,830,000 6.4 1.25 to 25 

Thea Foss3 2006 53.8 1,060,000 50.8 3 to 7 

Hudson River4 2007 *  *  1,900  * 

Passaic River Phase I 
Removal Action5 2012 61 41,434 1,460  * 

• Increase of total remediation costs and all-in unit costs from the 1990s to 
present day.  

• Dredge costs in 1994 and 2006 were similar.  
• What is driving costs so high? 
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Factors Impacting Cost of Alternative 

• Partly due to a more sophisticated approach 
 Advanced site investigation techniques 
 More detailed analysis of source control, recontamination, 

and bioavailability, etc.  
 

• Off-site disposal of moderately contaminated sediments 
 
• Movement towards “mega” scale projects, essentially a 

series of smaller construction projects which reduces 
efficiencies 
 Hudson River: 2.75 M cy dredged over 6 years 
 Fox River: 3.8 M cy dredged and 446 acres capped over 6 

years 
 Lower Passaic River: proposed 3.5 M cy to be dredged and 

~1,000 acres to be capped 
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Factors Impacting Cost of Alternative 

• Regulatory requirements can increase effort, constrain 
production and flow of work 
 Monitoring activities and associated analytical needs 
 Underwater sound recently become a topic of interest of the 

regulatory community 
 

 
So what does all of this mean in terms of developing 
accurate estimates for purposes of decision-making?  
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Factors Impacting Estimation of Costs 

• Current RI/FS paradigm to generate more detailed and 
accurate costs during later project stages (design phase). 
 

• EPA’s guide to developing cost estimates for feasibility 
studies has an allowable cost range in earlier project 
stages (feasibility study) -30% to +50%. 
 

• Deterministic approach used: hard numbers along with 
contingency percentages. Contingency is emphasized 
over accuracy.  
 

• The approach generally worked when project were smaller 
but for mega projects more accurate cost estimates are 
needed earlier in the process. 
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Factors Impacting Estimation of Costs 
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• A more robust and accurate costing process is needed. 
 Technical analyses of critical operational elements should not be 

deferred until the design stage, but completed during the earlier 
evaluation stages. 

 While cost guides/databases can be useful, contractor quotes 
are much more precise. 

 Sensitivity analysis is needed, but typically not performed, 
especially for larger projects where multiple variables of great 
significance can often conflict.  

 Probabilistic costs should be developed, providing a much more 
realistic estimate of overall costs. 



Copyright 2016, The Intelligence Group 

Managing Cost Risk and Uncertainty 

Probabilistic Cost Analysis: 
 
• Manage cost risk and uncertainty. 
• Answers the “what if question” typically 

not included in cost estimation. 
 What if the time scale of the 

remediation increases? 
 What if the volume of dredge material 

increases? 
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Managing Cost Risk and Uncertainty 

Probabilistic Cost Analysis: 
 
• Useful for remediation approach  
    decision making  
• Allows uncertainty to be incorporated  
    into the cost estimate 
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What is the risk of cost 
increase? 
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Probabilistic Cost Analysis 
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low-end cost 
“if everything 
goes right” 

$ high-end cost 
“worst case 
scenario” 

$$$ 

• Provides a range of costs. 

• Informs cost drivers and risks of cost increase. 

• Helps inform contingencies. 

• Identifies high impact factors to refine overall costs and 
manage sources of cost creep. 

• Allows for transparent evaluation of the actual costs for 
decision making. 
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Probabilistic Cost Modeling – Monte 
Carlo Simulation 
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• Computational algorithm 
designed to evaluate a large 
number of unknown parameters 
to explore the behavior of a 
complex system or process. 

• Invented by scientists working 
on the atomic bomb in the 
1940s. 

• Monte Carlo methods are 
applied to a range of problems 
in science, engineering, and 
finance. 
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Probabilistic Cost Modeling – Monte 
Carlo Simulation 

• Spreadsheet-based software 
• Uses a Monte Carlo simulation to randomly generate a range of values for defined 

assumptions (i.e., estimated values or inputs into the spreadsheet model). 
• Within the model framework there are assumption cells and forecast cells. 
• Assumption cells contain estimated values or inputs  
• Forecast cells contain formulas that refer to one or more assumption cells and 

combine the values in the assumption cells to calculate a results. 
• Allows the user to explore a range of outcomes based on “what ifs” 
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Probabilistic Cost Modeling – Monte 
Carlo Simulation 
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Description  Estimate Min Max Simulated
Big Co. PROJECT MANAGEMENT 4,719,278$                
PROJECT MANAGEMENT 4,719,278$                4,500,000$                5,500,000$                4,719,278$                

ENGINEERING MANAGEMENT 1,344,586$                
TECHNICAL STUDIES 479,725$                    
DEFINITIVE DESIGN 10,575,071$              
ENGINEERING INSPECTION 5,007,916$                
EQUIPMENT REMOVAL DESIGN 2,561,272$                
ENGINEERING 19,968,570$              19,000,000$              22,000,000$              19,968,570$              

CENRTC DEFINITIVE DESIGN 668,990$                    
CENRTC PROCUREMENT 632,731$                    
CENRTC FABRICATION 902,498$                    
CENRTC 2,204,219$                2,000,000$                2,500,000$                2,204,219$                

WHC CONSTRUCTION MANAGEMENT 4,976,687$                
INTER-FARM MODIFICATIONS 1,307,065$                
C-FARM MODIFICATIONS 6,602,884$                
AY-FARM MODIFICATIONS 1,636,429$                
EXPENSE PROCUREMENT 4,054,629$                
FACILITY PREP 9,536,166$                
CONSTRUCTION SERVICES 7,041,973$                
CONSTRUCTION 35,155,833$              34,000,000$              45,000,000$              35,155,833$              

STARTUP ADMINISTRATION 1,676,355$                
STARTUP SUPPORT 1,944,661$                
STARTUP READINESS REVIEW 1,042,521$                
OTHER PROJECT COST 4,663,537$                4,000,000$                5,500,000$                4,663,537$                

ENVIRONMENTAL MANAGEMENT 424,013$                    
SAFETY 3,579,477$                
NEPA 64,106$                      
RCRA 11,474$                      
CAA 176,869$                    
SAFETY & ENVIRONMENTAL 4,255,939$                4,000,000$                5,000,000$                4,255,939$                

PROJECT TOTAL 70,967,376$              67,500,000$              85,500,000$              70,967,376$              

CONTINGENCY 20%

PROJECT TOTAL WITH CONTINGENCY 85,160,851$              

Project cost example 
• Traditional contingency analysis can 

lead to overestimating costs if 
individual elements are summed as a 
worst case scenario 

• The model creates a probability 
distribution based on the uncertainty 
surrounding specific input variables 

Example model provided in Oracle  
Crystal Ball ® software 

95% confident that the project  
will not exceed this cost. 
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Example - Portland Harbor Superfund 
Site  
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Example - Portland Harbor Superfund 
Site  

Modeling Approach: 
• Evaluate Alternatives E, F, and G of the Portland Harbor Feasibility 

Study (FS). 
• Cost estimate associated with capital costs was used from Appendix 

G of the FS. 
• A lower-end and higher-end cost estimate was developed based on 

professional experience and precedents at other large-scale sediment 
remediation sites. 

• Model output provides a probability distribution for the cost along with 
the expected or most likely cost based on the variability associated 
with the input parameters 

• A sensitivity analysis was also performed to inform which variable(s) 
has the greatest influence on cost in the model 
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Example - Portland Harbor Superfund 
Site 
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Example - Portland Harbor Superfund 
Site  

“What ifs” considered for Portland Harbor example: 
• Schedule – mobilization/demobilization over multiple 

seasons 
• Debris removal 
• Volume of sediment managed (dredge, removal) 
• Transload Facility – size, location, dewatering, etc… 
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Probabilistic Cost Modeling – Portland 
Harbor Superfund Site 

Cumulative Probability for Alternative E, F, and G’s Capital Costs 
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Sensitivity Analysis – Portland Harbor 
Superfund Site 

22 



Copyright 2016, The Intelligence Group 

Sensitivity Analysis – Portland Harbor 
Superfund Site 
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$718,455,148 

38% 

$505,612,758 

$288,274,072 

14% 

$153,021,214 

$92,466,003 

$70,853,094 

5% 

6% 

$28,508,352 

$15,512,183 

$30,553,031 

$19,343,056 

$5,273,281 

$406,662,400 

22% 

$293,267,641 

$101,329,815 

3% 

$32,686,802 

$23,116,501 

$24,790,802 

2% 

3% 

$17,134,941 

$5,434,795 

$25,564,781 

$16,185,006 

$4,413,167 

$2,200,000,000 $2,400,000,000 $2,600,000,000 $2,800,000,000 $3,000,000,000

Subtitle C/TSCA Disposal (Handling, Transportation,  Treatment of…

Contingency (Scope and Bid)

Subtitle D Disposal (Handling, Transportation,  and Disposal)

Dredging of Contaminated Sediments (Open Water)

Remedial Design

Mobilization / Demobilization

Transload Facility Development

Dredging of Contaminated Sediments (Confined)

Project Management

Construction Management

Hydraulic Offloading of the Contaminated Sediments

Excavation of Contaminated Sediments (From Shore for…

Erosion/Residual  Control Measures

Obstruction Removal and Relocation

Debris Removal and Disposal

Total Capital Cost 

Upside Downside
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Conclusions 
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• The scale and complexity of sediment remediation projects 
has increased over the last several decades. 

• The all-in unit cost of sediment remediation has risen 
despite that the cost of technologies has not. 

• The inherent complexity of “mega” sediment projects 
makes them difficult to cost, resulting in inaccurate cost 
estimates which could result in inappropriate remedial 
decisions and significant cost outlays. 

• Probabilistic cost analysis allow for a more transparent 
evaluation of what the actual costs may be and also allow 
decision makers to see what variable has the most 
influence on overall cost.  
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Questions and Comments 
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