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Executive Summary 
 

 

Abstract:  A series of three major dams and reservoirs located along the Lower Susquehanna River 

have historically acted as a system of sediment and nutrient pollution traps.  However, episodic 

pulses of these pollution loads are released following short-term extreme storm events, affecting 

subaquatic vegetation, benthic organisms, and the overall water quality in the Upper Chesapeake 

Bay.  In addition, all three reservoirs have reached a state of near maximum storage capacity termed 

as dynamic equilibrium.  Based on prior research, this study seeks to reduce the sediment buildup 

behind the dams through a sediment removal and processing operation, and thereby reduce the 

ecological impact of major storms.  A set of scour performance curves derived from a regression 

analysis, and a stochastic lifecycle cost model were used to evaluate the sediment scouring reduction 

and economic feasibility of three processing alternatives:  Plasma Vitrification, Cement-Lock, and 

Quarry/Landfill, and three removal amount cases:  Nominal, Moderate, and Maximum.  Since the 

scour performance curves treat the dams as static, a fluid system dynamics model was used to 

determine if the dynamic interaction between the capacitance of the dams during major scouring 

events is negligible or considerable.  A utility vs. cost analysis factoring in time, performance, and 

suitability of the alternatives indicates that a Cement-Lock processing plant at moderate dredging for 

the Safe Harbor and Conowingo Dams is the most cost-performance effective solution. 

Keywords: Lower Susquehanna River, Environment Restoration, System Dynamics, Decision 

Analysis, Life-cycle Cost Analysis 

 

1. Concept Definition 

The Susquehanna River flows from New York through Pennsylvania and Maryland where it empties 

into the mouth of the Upper Chesapeake Bay.  It is the largest freshwater tributary of the Chesapeake 

Bay, providing nearly 50 percent of the total share of freshwater [1].  The Lower Susquehanna River 

includes a series of three major dams and reservoirs that form from Pennsylvania to Maryland which 

include the Safe Harbor, Holtwood, and Conowingo dams.  The Safe Harbor Dam is the northernmost 

dam and has a sediment storage capacity of 92.4 million tons, followed by the Holtwood Dam with 

the smallest capacity of 15.6 million tons, while the Conowingo is the southernmost dam with the 

largest capacity of 198 million tons.  These dams, collectively referred to as the Lower Susquehanna 

River (LSR) Dams, provide hydroelectric power generation, water storage, and recreation for the 

surrounding areas [2]. 

The LSR Dams have also been acting as a system of sediment and nutrient pollution traps for the past 

80 years; retaining and thereby preventing large amounts of sediment and associated nutrient 

pollution from entering the Upper Chesapeake Bay.  From 1929 to 2012, roughly 430 million tons of 

sediment was transported down the Susquehanna River and through the LSR Dams, with roughly 

290 million tons trapped by the dams, resulting in an average trapping capacity of 65 percent.  

However, all three reservoirs have reached a state of dynamic equilibrium in terms of trapping 

ability; this means the reservoirs have reached near maximum storage capacity and fluctuate 

asymptotically from near 100 percent capacity.  Although the reservoirs still trap sediment to some 

degree in the dynamic equilibrium state, their trapping ability is reduced significantly [3]. 
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The greatest danger of the diminished trapping capacities of the LSR Dams is the risk of short-term 

extreme storms known as scouring events.  Scouring events are major storms, hurricanes, or ice 

melts which cause the river flow rate to exceed 400,000 cubic feet per second (cfs).  This leads to 

extensive flooding in the reservoirs which releases episodic loads of sediment and attached nutrients 

into the Upper Chesapeake Bay leading to major ecological damage.  These effects can be seen in 

historical case studies of major scouring events such as Tropical Storm Lee in 2011, Tropical Storm 

Ivan in 2004, and Hurricane Agnes in 1972 [4, 5]. 

The Total Maximum Daily Load (TMDL) regulation was established by the US Environmental 

Protection Agency (US EPA) in 2010, to aid water quality restoration of the Chesapeake Bay to safe 

ecological standards by 2025.  The TMDL for sediment to be met by 2025 for the Lower Susquehanna 

River is 985,000 tons of sediment annually.  Although scouring events occur on average every 5 to 

60 years depending on the streamflow, it is estimated that scouring events with streamflows from 

400,000 to 1 million cfs can transport from 1 to 13 million tons of sediment over the span of upto 23 

days, equating to an increase from 1.5 to 1200 percent above the annual TMDL limit [6]. 

 

1.1 Previous Research and Need for Current Study 

Previous research was conducted by the U.S. Army Corps of Engineers (US ACE) from 2011 to 2014, 

and George Mason University (GMU) from 2013 to 2014, evaluating the feasibility of various 

sediment management techniques for the Conowingo Dam during high flow scouring events [5, 7].  

The strategies evaluated include:  minimizing sediment deposition through bypassing sediment 

using flow diverters or an artificial island, and recovering sediment trapping volume through 

removing sediment and placing it in quarries, or reusing the sediment to make beneficial products.  

The studies concluded that sediment bypassing is lower in cost to the other alternatives, however 

will conversely have adverse effects on the Bay’s ecosystem due to constant increases in sediment 

and nutrient loads.  The US ACE study concluded that for dredging to be effective, it must operate 

annually or on a continuous cycle.  The GMU study concluded that reusing sediment to make glass 

slag via Plasma Vitrification may yield a positive return on investment, however a more detailed 

economic assessment needs to be conducted.  In addition, the GMU study suggested to evaluate 

sediment reuse strategies for the dams north of the Conowingo, namely Holtwood and Safe Harbor. 

Therefore, there is a need to develop a sediment removal and processing system to reduce the 

sediment buildup in the Lower Susquehanna River Dams, and thereby reduce the ecological impact 

of future scouring events. 

 
1.2 Stakeholder Analysis and Tensions 

The primary stakeholders comprise of six groups:  Hydroelectric Power Companies, Riverkeepers, 

Residents of Maryland and Pennsylvania, Private Environmental Organizations, State and Federal 

Regulatory Bodies, and Maryland and Pennsylvania State Legislatures.  The current operators for the 

Conowingo, Holtwood, and Safeharbor dams are Exelon Generation, Pennsylvania Power and Light, 

and Safe Harbor Water Power Corporation, respectively.  Private environmental organizations such 

as the Chesapeake Bay Foundation (CBF) and the Clean Chesapeake Coalition (CCC) lobby for 

environmental regulations with the support of riverkeepers such as the West/Rhode Riverkeeper.  

Maryland and Pennsylvania residents residing within the Lower Susquehanna River basin use the 

Susquehanna River for agriculture and recreation, as well as receiving hydroelectric power from the 

dams.  Several state and federal regulatory bodies are involved with regulation regarding the Lower 
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Susquehanna River watershed.  Two notable agencies are the Maryland Department of the 

Environment (MDE) and the Federal Energy Regulatory Commission (FERC), which are responsible 

for licensing hydropower projects as well as regulating transmission of electricity, natural gas, and 

oil.  These regulatory bodies work together with Maryland and Pennsylvania state legislatures to 

enact laws to improve and promote environmental restoration of the Chesapeake Bay and the Lower 

Susquehanna River.  

While every stakeholder has an interest in the removal of sediment from behind the dams, no single 

organization has accepted responsibility for the pollution collected in the reservoirs.  The Clean 

Chesapeake Coalition believes that Exelon Generation should take responsibility and pay for the 

expensive removal process.  Exelon Generation however, believes that the responsibility falls on 

those living in the Susquehanna River watershed, and if required to pay for the sediment mitigation 

may want residents to pay more in utilities to cover the cost [8]. 

 

2. Concept of Operations 

In order to address the need to reduce the sediment buildup in the LSR Dams, a sediment removal 

and processing system is proposed.  The Concept of Operations describes the proposed system and 

the design alternatives evaluated. 

 
2.1 Operational Scenario 

The sediment removal and processing system consists of three components:  sediment removal 

through dredging, sediment transport to the processing plant site, and sediment processing to make 

a sellable product.  The sediment will be removed through a hydraulic dredging operation which 

removes and transports sediment in slurry form through pipelines connected directly to the 

processing plant.  The removal and processing will be a steady-state operation that will continuously 

dredge sediment from each of the reservoirs lasting for a lifecycle of 20, 25, or 30 years.  In addition, 

it is assumed that the operation will be funded by a government bond if implemented. 

 

2.2 Design Alternatives 

The design alternatives consist of sediment processing techniques which convert dredged sediment 

into products which can be marketed and sold to minimize the total cost of the operation.  An 

exhaustive survey of dredged sediment processing techniques was conducted, of which Plasma 

Vitrification and Cement-Lock were chosen to be further evaluated. 

Plasma Vitrification is a process piloted by Westinghouse Plasma Corp. in which dredged sediment 

is exposed to plasma torches reaching temperatures of 5000 deg. C destroying nearly all toxic organic 

and microbiological contaminants.  This produces a glass slag product which can be sold as a 

replacement for glasphalt, roofing granules, coal slag, or as a three-mix glass substitute [9].  Cement-

Lock is a thermo-chemical process developed by the Gas Technology Institute and Unitel 

Technologies, in which dredged sediment is placed through a rotary kiln reaching temperatures 

between 1315 and 1425 deg. C.  During the combustion process, the contaminated sediment is mixed 

with a set of chemical feed materials, after which the end product is finely grounded to produce 

EcoMelt.  EcoMelt is a pozzolanic material that can be used as a 40 percent replacement for Portland 

cement used in concrete production [10].  In addition, a Quarry/Landfill alternative was evaluated to 

serve as the control for this study.  It is essentially removing the dredged sediment and placing it in 
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a deposit site.  Although this alternative may cost less than the processing alternatives, there is no 

decontamination that takes place, thus there is a risk of potential environmental degradation in the 

future.   

Other processes that were initially considered included: Soil Washing, Thermal Desorption, Fluidized 

Bed Treatment, Flowable Fill, Glass Furnace Technology, Electrochemical Remediation, Base 

Catalyzed Decomposition, and Solidification/Stabilization [11]. 

 

3. Method of Analysis 

The sediment removal and processing system provides a solution to address the retained sediment 

buildup in the LSR Dams.  However, two important questions remain:  How does dredging a certain 

amount affect sediment scouring potential? Also, what is the return on investment for dredging this 

amount and processing it into glass slag or EcoMelt products?  A set of three models were used to 

address these questions:  The Scour Performance Curves, a set of regression models derived from the 

GMU 2014 Hydraulic Model, are used to approximate sediment scouring potential from varying 

amounts of dredged sediment.  Since the Scour Performance Curves treat the dams as static entities, 

a Fluid System Dynamics Model was used to determine if the water velocity reduction from dredging 

one dam in relation to the following dam is considerable or negligible during major scouring events.  

Lastly, the Processing Plant Lifecycle Cost Model is a Monte Carlo simulation that was used to 

simulate the lifecycle costs of a sediment removal and processing system. 

 
3.1 Scour Performance Curves 

A hydraulic model was developed in the GMU study to simulate the sediment scouring potential 

resulting from dredging 1, 3, and 5 million cubic yards of sediment annually from behind the 

Conowingo Dam over a 20 year time frame [7].  The model calculated scouring based upon numerical 

changes to river bathymetry and velocity profiles.  The model also simulated three future water flow 

rates using the hydraulic record from 1967 to 2013:  a ‘dry world’ with a maximum flow rate of 

400,000 cubic feet per second (cfs), a ‘future is the past’ world matching historical data with a 

maximum flow rate of 700,000 cfs, and a ‘wet world’ with a maximum flow rate of 1 million cfs.  Using 

the simulation data, a correlation between dredging and the percent of scouring reduced was derived, 

and extrapolated to a time frame of 30 years for each dredging amount.  Figure 1 below shows the 

relationship between dredging 1, 3, and 5 million cubic yards (cy) annually and the percent of 

scouring reduced using the average of the three future water flow test cases.   
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Figure 1:  Scour Performance Curves (Annual and Aggregated Scour Reduction) 

 

The annual regression curves indicate that there is a trend of diminishing returns in regard to 

sediment scouring reduction as the dredging amount increases.  The benefits of dredging 1 million 

cubic yards annually decreases at a constant rate, while the benefits of dredging 3 and 5 million cubic 

yards decreases substantially after the first several years.  The aggregated regression curves shows 

the total percent scouring reduction for each dredging amount over 30 years, and the dredging 

amount lifecycle chosen for each amount based on the optimum reduction and practical industry 

considerations.   

 

 

Figure 2:  Annual Dredging Amounts and Scour Reductions for Conowingo, Safe Harbor, and 

Holtwood 

 

From the correlation, nominal, moderate, and maximum dredging amounts were derived for the 

Conowingo, Holtwood, and Safe Harbor dams for 30, 25, and 20 years respectively, shown in Figure 

2 above.  Since the GMU study only simulated the Conowingo Dam, the weights for the dredging 

amounts were prorated from the capacity of the specific reservoir over the combined total capacity 

of all three reservoirs.  Figure 2 also shows the respective scour reductions from the Conowingo, 

Holtwood, and Safe Harbor dams from the three dredging cases.  The results indicate that the 

Conowingo Dam would result in the greatest scour reduction, followed by Safe Harbor, while 
Holtwood has the least. 
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3.2 Fluid System Dynamics Model 

The Scour Performance Curves treat the reservoirs as static entities.  In other words, if a reservoir is 

dredged and its sediment capacity is reduced, this may subsequently reduce the water velocity flow 

rate transport in the following reservoir, and therefore the resulting sediment scour.  During major 

scouring events ranging from 400,000 to 1 million cubic feet per second (cfs), this dynamic 

interaction between the dams may be considerable or negligible in regard to the resulting sediment 

scour.  If it is considerable, then a processing plant operation may only be needed at one dam which 

can act as a dynamic trap, thus reducing the resulting cost of the system significantly.   

A system dynamics model for river and sediment flow was developed in order to predict the amount 

of scouring that would occur during major scouring events in various dredging operations.  A system 

dynamics model may be preferable to study sediment transport for several reasons. Calculating 

sediment transport by predicting changes in river bathymetry is highly unreliable. Predicting 

sediment transport is further confounded by eddy currents and turbulence. The system dynamics 

model attempts to avoid nonlinearities of turbulence by modeling sediment flow averaged over the 

area. Reducing fluctuations also permits the use of other alternatives, such as oysters and subaquatic 

vegetation to further reduce the impact of major scouring events. 

 

3.2.1 Model Formulation 

The system dynamics model represents the Lower Susquehanna River Dams as a series of three 

connected water and sediment tanks.  Each tank receives a flow of water and a flow of sediment. The 

sediment entering the tank is deposited if the velocity is less than the critical deposition velocity; 

otherwise, it remains suspended and is transported through the tank.  Sediment that has been 

deposited will later scour if the velocity of the water is above the critical entrainment velocity. 

The flow of water is approximated using historical scouring event streamflows, while the 

concentration of sediment based upon a power regression of historical water and sediment data 

taken at the Marietta, PA water station at the Safe Harbor Dam. This can be seen in (1) below, where 

Q represents the volumetric flow of water in cubic feet per second, and ρsediment represents the 
concentration of sediment within the flow [3]. 

 𝜌𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 = .0007 ∗ 𝑄.9996                                                                                                                    (1) 

The sediment leaving a tank can be related to the sediment entering a tank by applying the 

conservation of mass.  The conservation of mass requires that the amount of mass, m, leaving the 

control volume (cv) within a given timespan (t) is equal to the rate mass enters the control volume 

minus the amount of mass accumulating within the control volume over a given time period. 

 
𝑑𝑚𝑜𝑢𝑡

𝑑𝑡
=

𝑑𝑚𝑖𝑛

𝑑𝑡
−

𝑑𝑚𝑐𝑣

𝑑𝑡
                                                                                                                                (2) 

As represented in the figure below, the amount of mass within the control volume is the difference 
between the sediment deposited and the sediment entrained. This is shown in (3). 
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Figure 3:  Entrainment and Deposition Within Control Volume 
 

     
𝑑𝑚𝑐𝑣

𝑑𝑡
=

𝑑𝑚𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑑𝑡
−

𝑑𝑚𝑒𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑑

𝑑𝑡
                                                                                                        (3) 

The rate of sediment deposition is a function of the mass flow into the tank and the velocity of the 

flow (v).  The velocity of the flow is calculated by applying the principle of continuity to the flow 

within a reservoir.  In (4), A represents the cross-sectional area of the reservoir. 

 𝑣 = 𝑄𝑖𝑛/𝐴                                                                                                                   (4) 

After determining the velocity, the behavior of entrained and deposited sediment is determined.  

Studies suggest three regions for sedimentation and scouring based upon flow velocity and sediment 

size, as shown in Figure 4 [12]. 

 

 

Figure 4:  Mean Stream Velocity vs. Particle Size 
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Resuspension, transportation, and deposition may be represented by the following binary variables: 

 𝑥1 = {
1, 𝑖𝑓 𝑣 − 𝑣𝑟𝑒𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 ≥ 0 

0, 𝑖𝑓 𝑣 − 𝑣𝑟𝑒𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 < 0
                                                                                                      (5) 

 𝑥2 = {
1, 𝑖𝑓 𝑣𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 𝑣 ≥ 0 

0, 𝑖𝑓 𝑣𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 𝑣 < 0
                                                                                                          (6) 

If the amount of mass entrained is proportional to the surface area (SA) of the river bed and the 

amount of sediment deposited is proportional to the flow of sediment flowing into the control 
volume, then: 

 
𝑑𝑚𝑒𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑑

𝑑𝑡
= 𝑘1 ∗ 𝑥1 ∗ 𝑆𝐴                                                                                                                      (7) 

 
𝑑𝑚𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑑𝑡
= 𝑘2 ∗ 𝑥2 ∗

𝑑𝑚𝑖𝑛

𝑑𝑡
                                                                                                                   (8) 

Substituting the control volume mass rate relationships into the original mass balance equation and 
integrating the result with respect to time yields the following equation: 

𝑚𝑜𝑢𝑡 = ∫(1 − 𝑘2 ∗ 𝑥2) ∗ (. 0007 ∗ 𝑄𝑖𝑛
1.9996) + 𝑘1 ∗ 𝑥1 ∗ 𝑆𝐴 𝑑𝑡                                                                     (9) 

Constants k1 and k2 are derived from the training set, which is a subset of historical data.  These 

constants are expected to be related to the forces acting upon suspended sediment and sediment 

deposited on the riverbed, as shown in Figure 3. 

 

3.2.2 Scour Reduction Results During Major Scouring Events 

The simulation was run with a 400,000, 700,000, and 1 million cubic feet per second peak scouring 

event under 10% incremental changes to the initial reservoir capacities for each test case.  Changing 

the initial reservoir capacity corresponds to the dredging operation occurring prior to the scouring 

event.  The amount of sediment scoured into the Upper Chesapeake Bay during each scouring event 

under reservoir capacities of 0 percent to 100 percent full are shown in the figure below. 

 

 

Figure 5:  Sediment Scoured vs. Reservoir Fill Capacity for 400K, 700K, and 1 mil. Scouring Events 
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The results indicate that dredging all three dams still results in the greatest scour reduction, and 

when taking into account the dynamic interaction between the dams, the Conowingo still results in 

the greatest scour reduction, followed by the Safe Harbor, while Holtwood has the least.  This 

indicates that the dynamic interaction between the dams during major scouring events is negligible 

to the extent that dredging just one of the dams (i.e. the Holtwood or Safe Harbor dams) does not 

have a considerable impact to sediment scouring reduction compared to dredging multiple dams.  

The results also indicate that it is not effective to dredge the Holtwood Dam due to its low scour 

reduction, and by implication the most effective scour reduction would result in dredging both the 

Conowingo and Safe Harbor dams. 
 

3.3 Processing Plant Lifecycle Cost Model 

The inputs to the lifecycle cost model include the dredging amount, the costs, revenue, and other 

variables associated with the processing plant operation, the cost of the dredging operation, and the 

cost of land.  Using a series of cost, revenue, and production formulas, the model outputs a 

probabilistic estimate of the net present value for each plant and processing alternative.  Baseline 

cost estimates were obtained for each variable in the lifecycle cost model and were extrapolated for 

cases specific to this study, in addition to normal and triangular distributions used to model the 

uncertainty associated for each cost variable.  Market research was conducted for glass slag and 

EcoMelt replacement products (coal slag and Portland cement) from which it was assumed 70 to 85 

percent of the replacement product’s average selling price can be met.  The table below provides an 

overview of the lifecycle costs and inputs associated for each plant and processing alternative, along 
with their parameters and modeled distributions. 

Table 1:  Lifecycle Cost Breakdown 

Variable Parameter Distribution Plasma 
Vitrification 

Cement-
Lock 

Quarry 
/Landfill 

Plant Capital Plant capacities 
from 50,000 to 3 
million 
cy/annual 

Triangular with  
+-15% tails 

$50 - $825 
million 

$43 - $715 
million 

N/A 

Net 
Processing 
Cost/Tipping 
Fee 

Energy cost 
from 8-10 
cents/kWh, and 
$4-$6/million 
Btu 

Triangular with  
+-5% tails 

$155 - $205 
per ton 

$60 - $90 
per ton 

$5 - $40 
per ton 

Dredging 
Capital 

Dredging 
amount from 1 
to 5 million 
cy/annual 

Triangular based 
on low and high 
bids 

$6 - $16 
million 

$6 - $16 
million 

$3 - $7 
million 

Dredging 
Transport 

Distance from 0 
to 15 miles 

Triangular based 
on low and high 
bids 

$15 - $30 per 
ton 

$15 - $30 
per ton 

$30 -$130 
per ton 

Land Costs Average land 
cost per acre for 
each geographic 
area 

Triangular based 
on low and high 
bids 

$15K to $40K 
per acre 

$15K to 
$40K per 
acre 

N/A 
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Revenue 
Prices 

Average market 
price for 
replacement 
product 

Triangular: 70 to 
85% of market 
price 

$140 - $170 
per ton 

$75 - $90 
per ton 

N/A 

Sediment to 
Product Ratio 

Tons required to 
produce one 
unit of product 

Normal of pilot 
studies 

2.5 tons 1.5 tons N/A 

Interest Rate Municipal Yield 
Curve 

Normal of 2014 
to 2015 

2.7 - 3.5% 2.7 - 3.5% 2.7 - 3.5% 

 

In total, the lifecycle cost model consisted of 27 unique test cases (three reservoirs, three processes, 

and three dredging amount alternatives).  The average net present value from 100,000 simulation 

iterations, along with their respective 95% confidence intervals is shown in Figure 6 below.  The 

results indicate that a dredging and processing sediment, or placing it in quarries/landfills is a very 

expensive operation ranging from millions to billions of dollars, of which none of the alternatives 

evaluated resulted in a positive net present value.  The results also indicate that the Cement-Lock 

alternative results in the least cost, lower than both Plasma Vitrification and the Quarry/Landfill 

control case.  This indicates that Cement-Lock may be the most viable option among the design 

alternatives evaluated.   

 

 

Figure 6:  Average Net Present Value for Each Dam, Processing, and Dredging Amount Alternative 
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4. Utility Analysis and Recommendations 

The utility analysis consists of the following factors:  time of the processing plant lifecycle which is 

either 30, 25, or 20 years, product suitability which is the percent of contaminants removed from the 

sediment, and the percent of scouring reduction potential derived from the Scour Performance 

Curves.  In Figure 7 below, each point represents the utility for each dam, processing, and dredging 

amount alternative combination.  The weights for the utility were determined through discussion 
with the project sponsor, the West/Rhode Riverkeeper, Inc.   

𝑈(𝑥) = 0.10 ∗ 𝑇𝑖𝑚𝑒 + 0.30 ∗ 𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 0.60 ∗ 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒                                                            (10) 

 

 

Figure 7:  Utility vs. Cost Analysis 

 

Based on the utility analysis, the most cost-performance effective solution among the design 

alternatives is a Cement-Lock processing plant at moderate dredging for the Safe Harbor and 

Conowingo Dams.  A processing operation at Holtwood is not needed due to its low scour reduction 

potential.  Although the utility vs. cost analysis is based on the Scour Performance Curves which 

treated the dams as static, a Fluid System Dynamics Model was conducted which confirmed these 

results and implications. 

However before implementation of a sediment removal and processing system, a number of 

recommendations should be considered.  The Fluid System Dynamics Model did not take into account 

river bathymetry, types of sediment, and the tributaries of the Lower Susquehanna River.  A more 

detailed hydrological model can be conducted taking into account these parameters and other fluid 

dynamic laws, to determine more precise scour reduction estimates from amounts of dredged 

sediment, and to further test the effect of the dynamic interaction between the dams during major 

scouring events.  Secondly, since it is the nutrients attached to the sediment which primarily cause 

long term environmental degradation, it is recommended that an exhaustive survey of nutrient 

management strategies be considered before implementation of a large scale processing operation.  

Thirdly, if nutrient management is not more cost-performance effective, it is recommended that the 

patent holders of Cement-Lock, Volcano Partners LLC, be contacted for a pilot study on the cost and 

suitability of Cement-Lock technology for processing Lower Susquehanna River sediment.  Lastly, for 

this study, coal slag was used as the replacement product for glass slag.  However, the pilot study 

from Westinghouse Plasma Corporation mentioned that an integrated Plasma Vitrification and 

architectural tile production plant would result in a positive return on investment.  It is 

recommended that further research be conducted on the viability of such an integrated process. 
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Section I:  Concept Definition 

 

A series of three major dams and reservoirs consisting of the Conowingo, Holtwood, and Safe 

Harbor dams, are located along the Lower Susquehanna River near the mouth of the Upper 

Chesapeake Bay.  These dams and reservoirs, collectively referred to as the Lower Susquehanna 

River (LSR) Dams, retain large amounts of sediment and associated nutrient pollution and have 

historically prevented these loads from entering the Upper Chesapeake Bay.  However, episodic 

pulses of these pollution loads are released into the Upper Chesapeake Bay during major storms 

leading to environmental degradation.  In addition, all three reservoirs have reached a state of 

dynamic equilibrium, i.e. the reservoirs have reached near maximum sediment storage capacity and 

fluctuate asymptotically from near 100 percent capacity.  Due to the increased deposition, the 

predicted amount of harmful sediment transported during major storms is estimated to 

significantly damage the Upper Bay’s ecosystem.  This study seeks to reduce the amount of 

sediment and associated nutrient loads retained behind the Lower Susquehanna River Dams 

through a sediment removal and processing system at a lower cost than merely transporting the 

spoils to a deposit site, and thereby reduce the ecological impact of major storms on the Upper 

Chesapeake Bay. 
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1.0 Context 

 
1.1 The Chesapeake Bay 

The Chesapeake Bay is the largest estuary amongst more than 100 estuaries in the United States.  It 

spans nearly 200 miles from Havre de Grace, Maryland to Virginia Beach, Virginia and ranges from 

4 to 30 miles wide.  It holds more than 18 trillion gallons of water, receiving approximately half of 

its supply from the salt water of the Atlantic Ocean, and the other half consisting of fresh water 

from the Chesapeake Bay watershed.  The watershed which includes the Bay along with more than 

150 rivers, streams, and creeks that drain into the Bay, covers an area of 64,000 square miles 

extending through parts of Virginia, Maryland, Delaware, Pennsylvania, and New York [1].  The 

Chesapeake Bay is a complex ecosystem – a set of intricate relationships among living and non-

living elements including people, animals, plants, water, air, soil, sunlight, etc. functioning together 

to form a unitary whole.  It provides diverse habitats such as wetlands, marshes, and shallow 

waters for more than 2,700 species of plants and animals including 20 species of bay grasses, 29 

species of waterfowl, 348 species of finfish, and 173 species of shellfish.  It also supports the local 

economy through commercial means such as shipping ports, and recreational activities such as 

boating and fishing [1-3].   

 

1.2 Sediment and Nutrient Pollution:  SAV, Benthic Populations, and Water Quality 

However for the past few decades the Bay has suffered from environmental degradation in a 

number of areas.  This degradation includes decreases in subaquatic vegetation (SAV), poor health 

of benthic populations, contamination in water quality, and adverse effects on oyster, blue crab, and 

shad fish populations [5-6].   

 

Subaquatic vegetation (SAV), also 

known as bay grasses are plants that 

grow underwater.  SAV provide 

habitat for aquatic life, provide 

wildlife with food, and add oxygen to 

the water which is needed for 

aquatic species to survive [7].  The 

SAV population for the Chesapeake 

Bay is estimated to be 
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approximately 59,927 acres as of 2013, a decline of approximately 125,000 acres from 1930’s 

levels.  Figure 1 shows the SAV population from 1984 to 2013, indicating an average of 65,274 acres 

and a range from approximately 39,000 acres to 90,000 acres.   

 

Benthic invertebrates are 

organisms that live on the bottom 

of the water body and includes 

creature such as clams, oysters, 

worms, and other tiny crustaceans.  

Since benthic organisms cannot 

migrate to avoid degraded 

environmental conditions, they are 

an excellent indicator of the Bay’s 

health [8].  Benthic Index of Biotic 

Integrity is an index used to rate 

the health of the benthic population and includes criteria such as biodiversity measures, abundance 

and biomass, and activity beneath the surface for 250 samples collected throughout the Bay.  Figure 

2 above shows a time series graph of the Benthic Index of Biotic Integrity from 1996 to 2012.  This 

indicates that on average only 47 percent of the Bay has met acceptable benthic index values in the 

past 16 years from 2012, and has ranged from 41 to 56 percent.  

 

The Water Quality Standards Index 

is developed by the Chesapeake Bay 

Program (CBP) and measures 

achievement of water quality 

standards for dissolved oxygen, 

water clarity, and chlorophyll a for 

a 3 year period.  Figure 3 to the 

right shows the Water Quality 

Standards Index from 1985 to 

2012, and indicates that on average 

only 32 percent of the Bay has met 

water quality standards in the past 
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27 years from 2012.  A standard deviation of 4.92% indicates that there has been no significant 

increasing or decreasing trend in the amount of the Bay and its tributaries meeting water quality 

standards [9]. 

 

The US Geological Survey (USGS), Chesapeake Bay Program (CBP), Maryland Department of Natural 

Resources (MDNR), and other organizations report that the primary cause of the decrease in SAV, 

poor health of benthic populations, and contamination in water quality is excess sediment and 

nutrient loads into the Bay stemming from industrial waste and agricultural, suburban, and urban 

runoff [5, 9].  The most prominent nutrients include nitrogen and phosphorous, while sediments 

include sand, silt, and clay created by weathering of rocks and soil, that are transported by wind, 

water, or ice.  Although sediment and nutrient deposition are naturally occurring processes, 

excessive amounts lead to imbalances in the ecosystem.  For example, algae feed on nutrients to 

survive.  When excessive amounts of nutrients are inserted into the water, this can lead to algal 

blooms.  When algal blooms die off, their decomposition process uses significant amounts of 

oxygen.  When significant amounts of oxygen are depleted, this can lead to oxygen dead zones 

which in turn affects benthic populations and water quality.  Excessive sediment loads can also 

affect subaquatic vegetation growth.  When there are excessive sediment loads in the water, this 

creates murky or cloudy water which can absorb or block sunlight from reaching subaquatic 

vegetation which need sunlight to grow [10, 11].   

 

1.3 State of the Bay:  Health Index 

The Chesapeake Bay Health Index was developed by the University of Maryland Center for 

Environmental Science (UMD-CES) and rates 15 regions throughout the Bay using seven health 

indicators which include:  chlorophyll a, dissolved oxygen, water clarity, total nitrogen, total 

phosphorous, subaquatic vegetation populations, and benthic populations.  The first five indicators 

relate to water quality while the latter two are biotic indicators.  Each indicator for each region is 

measured against established ecological thresholds, through which an overall score for that 

indicator represents the percentage that it has met its threshold.  All indicators are weighted 

equally and are then averaged together for each region which results in the overall health index 

score.   
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Figure 4 is a time 

series graph of the 

Chesapeake Bay Health 

Index from 1986 to 

2013.  For the overall 

health index score:  the 

minimum is 36% 

which occurred in 

2003, the maximum is 

57% which occurred in 

1992, while the 

average for all years is 

44% with a standard deviation of 4.8%.  A linear regression indicates an R2 value of only 0.0246 

which indicates that there is no significant correlation between the year and overall health index 

score of the Chesapeake Bay.  This shows that over the past 27 years, although there have been 

many efforts to restore the ecological damage done to the Bay, and although some regions have 

shown improvements in certain indicators, the overall health has not improved significantly nor 

has it decreased significantly.  The overall score for 2013 was 47% for meeting ecological 

thresholds for all indicators across all regions [12].   

 

1.4 The Susquehanna River 

A major source of the excess sediment and nutrients that enters into the Bay is from its largest 

tributary, the Susquehanna River.  The Susquehanna flows from New York through Pennsylvania 

and Maryland where it empties into the Chesapeake Bay.  Its drainage basin covers an area of 

approximately 27,500 square miles, and it provides nearly 50% of the total share of fresh water 

entering into the Bay.  According to a report by the U.S. Geological Survey (USGS) in 1998, the 

Susquehanna contributed approximately 25% of the total sediment load, 66% of the total nitrogen 

load, and 40% of the total phosphorus load from all non-tidal areas into the Bay annually during a 

year of average waterflow [13].  A more recent study done by the U.S. Environmental Protection 

Agency (EPA) in 2012 estimated that the Susquehanna contributed on average 27% of the sediment 

load, 41% percent of the nitrogen load, and 25% of the phosphorous load annually into the Bay 

(based on data from 1991-2000) [14].  During the early 1700’s, the Susquehanna began to be used 

for sources of water and power generation for tanneries and mills, and by the late 1900’s was being 
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used for dams, coal burning power plants, and nuclear plants.  The early 1900’s saw the 

construction of three major dams along the Lower Susquehanna River which include the Safe 

Harbor, Holtwood, and Conowingo Dams [15]. 

 

1.5 The Susquehanna River:  Annual River Flow, Sediment and Nutrient Loading 

 

Figure 5 Average Streamflow Data for Susquehanna River, Source: USGS [16] 

Figure 5 shows the annual average river flow rate for the Susquehanna River from 1968 to 2013, 

based on data taken from the USGS river input monitoring site at Conowingo, Maryland.  This shows 

that river flow rates for the Susquehanna generally follow a non-linear trend with time, with peaks 

for years in which major storms occurred such as Hurricane Agnes in 1972, Hurricane Ivan in 2004, 

and Tropical Storm Lee in 2011.  The annual average flow rate from 1968 to 2013 is 

approximately 41,000 cubic feet per second (cfs) and is shown as the straight red bar, while the 

flow rate for all years has ranged from approximately 23,000 cfs to a max of 66,500 cfs [16].    
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Figure 6 Annual Sediment Transport for Susquehanna River, Source: USGS [14] 

 

Figure 7 Annual Nutrient Transport for Susquehanna River, Source:  USGS [14] 

In regard to the annual sediment and nutrient loads, a study by the USGS in 2012 analyzed 

concentration data from 1978 to 2011 for the Susquehanna River at Conowingo, Maryland using a 

regression model (WRTDS) and determined the annual sediment and nutrient discharge per year.  

Figures 6 and 7 show the annual loads of sediment, nitrogen, and phosphorous along with their 

corresponding river flow rates from 1978 to 2011.  The figures show that in general as river flow 

rate increases, the amount of sediment and nutrient loads also increase.  A notable correlation can 

be seen in the years 2004 and 2011 in which Hurricane Ivan and Tropical Storm Lee occurred.  

0

10

20

30

40

50

60

70

0

5

10

15

20

25

30

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

A
n

n
u

al
 S

tr
e

am
fl

o
w

 (
th

o
u

sa
n

d
 c

fs
)

Se
d

im
e

n
t 

Lo
ad

 (
m

ill
io

n
 t

o
n

s 
p

e
r 

ye
ar

) 

Year

Annual Streamflow and Sediment Load for Susquehanna River at 
Conowingo, MD; 1978-2011

Sediment Load Streamflow

0

10

20

30

40

50

60

70

0

20

40

60

80

100

120

140

160

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

A
n

n
u

al
 S

tr
e

am
fl

o
w

 (
th

o
u

sa
n

d
 c

fs
)

N
u

tr
ie

n
t 

Lo
ad

 (
th

o
u

sa
n

d
 t

o
n

s 
p

e
r 

ye
ar

)

Year

Annual Streamflow and Nutrient Load for Susquehanna River at 
Conowingo, MD; 1978-2011

Nitrogen Load Phosporous Load

Streamflow



29 
 

These years had the highest amounts of sediment and nutrient loads with a total of 24.3 million 

tons of sediment, 135 thousand tons of nitrogen, and 17.4 thousand tons of phosphorous.  The 

average annual load in tons per year is:  2.5 million for sediment, 71 thousand for nitrogen, and 3.3 

thousand for phosphorous.  The reason for the lower phosphorous level is because phosphorous 

tends to bind to sediment, while nitrogen transports more independently from sediment flow [14, 

17]. 

 

1.6 The Lower Susquehanna River (LSR) Dams and Reservoirs 

The Lower Susquehanna River includes a series of three major dams and reservoirs that form from 

Pennsylvania to Maryland and are used for hydroelectric power generation, water storage, and 

recreational activities for the surrounding areas.  This dam and reservoir system includes the Safe 

Harbor, Holtwood, and Conowingo dams [13].   

 

The Conowingo Dam was built in 1928 and is the largest hydroelectric dam amongst the three.  It is 

located in Conowingo, Maryland and is the southernmost dam on the Lower Susquehanna, sitting 

nearly 10 miles from the Chesapeake Bay.  The Dam is classified as a concrete gravity dam, is 

approximately 94 feet high and 4,648 feet wide, and has 53 flood control gates.  The Conowingo 

Dam forms the Conowingo Reservoir, a 14 mile long lake with a design capacity of approximately 

300,000 acre-feet, and is used as a water source and recreation area for the surrounding 

community [18, 19].  The Holtwood Dam was built in 1910 and is the oldest and smallest amongst 

the three.  It is located in Matric Township, Pennsylvania, and sits approximately 25 miles from the 

Chesapeake Bay.  The Dam is 55 feet high, 2,392 feet wide, and has no flood gates.  In the event of 

excess river flow, the water simply spills over the top of the dam.  The Holtwood Dam forms Lake 

Aldred, an 8 mile long lake with a design capacity of approximately 8,000 acre-feet, which is also 

used as a water source and recreation for the surrounding area [20, 22].  The Safe Harbor dam was 

built in 1931, is located in Manor Township, Pennsylvania, and sits nearly 32 miles upstream from 

the Chesapeake Bay.  The dam is 75 feet tall, 4869 feet wide, and has 28 flood gates total.  It creates 

Lake Clarke, a 10 mile long lake with a design capacity of approximately 150,000 acre-feet.  The 

Safe Harbor Dam is also a hydroelectric power plant and its reservoir provides recreational 

activities for the surrounding area like the Holtwood and Conowingo [21, 22].  
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The chart below summarizes general information concerning each dam:  

 

 

1.7 Sediment and Associated Nutrient Trapping Dynamics of the Lower Susquehanna 

River Dams  

The Safe Harbor, Holtwood, and 

Conowingo dams along with their 

reservoirs, also referred to collectively 

as the Lower Susquehanna River 

(LSR) Dams, have historically acted as 

a system of sediment and nutrient 

traps; That is, a significant amount of 

the sediment and associated nutrient 

loads that flowed from the upper 

portion of the river would be 

deposited in the reservoirs of the 

dams and thereby prevent the loads 

from flowing into the Chesapeake Bay 

[19].  From 1929 to 2012, 

approximately 430 million tons of 

sediment was transported from the 

Susquehanna River and through the 

LSR Dams, with approximately 290 

million tons being trapped by the LSR 

Dams, and approximately 140 million 

Lower Susquehanna River Dams - General Characteristics 

Dam, 
Location Reservoir 

Construction 
Date 

Dam 
Height 
(feet) 

Dam 
Width 
(feet) 

Design Capacity of 
Reservoir (water, 
acre-feet) 

Length of 
Reservoir 
(miles) 

Safe Harbor, 
PA 

Lake 
Clarke 

1931 75 4869 150,000 10 

Holtwood, 
PA 

Lake 
Aldred 

1910 55 2392 60,000 8 

Conowingo, 
MD 

Conowingo 
Reservoir 

1928 94 4648 300,000 14 

Table 1 Lower Susquehanna River Dams General Characteristics 

Figure 8 Map of the Lower Susquehanna River Dams, adapted from 
Washington Post [76] 
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tons transported into the Upper Chesapeake Bay, resulting in an average trapping capacity of 65 

percent.  The table below summarizes average annual sediment loads from the Susquehanna River 

and into/out of the LSR Dams, along with the estimated trapping efficiency for five time periods 

from 1929 to 2012 [23]. 

Annual Sediment Loads Into/Out of Lower Susquehanna River Dams 

Time Period Average Annual 
Sediment Load 
Into LSR Dams 
(mil. tons/year) 

Average Annual 
Sediment Load Out 
of LSR Dams (mil. 
tons/year) 

Average 
Annual 
Sediment Load 
Trapped (mil. 
tons/year) 

LSR Dams 
Trapping 
Efficiency 
(percent) 

1929 - 1940 8.7 2 6.7 75 - 80 

1941 - 1950 8.5 2.3 6.2 70 - 75 

1951 - 1971 5.9 2 3.9 65 - 70 

1973 - 1992 4.8 1.8 3 60 - 65 

1993 - 2012 3.8 1.8 2 55 - 60 

Table 2 Sediment Inflow/Outflow for Lower Susquehanna River Dams, Source:  US Army Corps of Engineers [23] 

However, currently all reservoirs have reached a state of dynamic equilibrium in terms of trapping 

ability.  This means that the three reservoirs have reached near maximum storage capacity, and 

fluctuate asymptotically from this near maximum storage capacity level.  This fluctuation is due to 

moderate to high water flow rates which remove or scour sediment which releases a portion of the 

retained sediment into the Upper Bay and thus increases capacity.  This is then followed by 

sediment discharge from upstream, which during low flow rates will again cause sediment 

deposition and refill the newly restored capacity.  This state of dynamic equilibrium causes a 

periodic cycle of sediment increase due to scouring, followed by sediment decrease due to 

redeposition.  In this equilibrium state the reservoirs still trap sediment, however in smaller 

amounts than they have historically while the trapping efficiency is also reduced as can be noted in 

the table above [24]. 
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Figure 9 Sediment Deposition in the LSR Dams, Source: USGS Studies, US Army Corps of Engineers [22, 24-26] 

Figure 9 shows the cumulative sediment deposition for each of the Lower Susquehanna River (LSR) 

Dams since their construction.  The data points have been taken from bathymetry studies done by 

USGS in 1995, 1996, and 2009 and a bathymetry study conducted by Exelon Corp for Conowingo in 

2011 [22, 24-26].  The Conowingo Reservoir (the reservoir formed by the Conowingo Dam) was 93 

percent filled in 2011 with a total of 181 million tons of sediment, and was reported to have 

reached dynamic equilibrium in the 2000’s.  Lake Clarke (the reservoir formed by the Safe Harbor 

Dam) was 100 percent filled in 2008 with a total of 92.4 million tons of sediment.  Lake Clarke was 

reported to have reached dynamic equilibrium in the 1950’s, nearly 20 years after construction.  

Lake Aldred (the reservoir formed by the Holtwood Dam) was 93 percent filled in 2008 with a total 

of 14.6 million tons of sediment.  Lake Aldred was reported to have reached dynamic equilibrium in 

the 1920’s, nearly 10 years after construction and has been in that state since.   

 

 

 

 

 

0

96

155

164
162

174
181

0
13.3 13.6 14.6

0

74 74

90.7 92.4

0

40

80

120

160

200

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

C
u

m
u

la
ti

ve
 S

e
d

im
e

n
t 

D
e

p
o

si
ti

o
n

 (
m

ill
io

n
 t

o
n

s)

Year

Sediment Storage Capacity of the Lower Susquehanna River Dams

Conowingo

Holtwood

Safe Harbor

Safe Harbor reached 
dynamic equilibrium 
in 1950’s; approx. 
100% filled in 2008  

Lake Aldred reached 
dynamic equilibrium 
in 1920’s; approx. 
93% filled in 2008  

Conowingo Reservoir 
reached dynamic 
equilibrium in 2000’s; 
approx. 93% filled in 2011 



33 
 

The chart below summarizes sediment storage characteristics for each of the dams and reservoirs 

in the LSR Dams: 

 

 

Note:  It should be noted that another dam, known as the York Haven Dam is located in the Lower 

Susquehanna River.  It was built in 1904, is 16 feet tall, and forms Frederic Lake which has a design 

capacity of approximately 10,000 acre-feet.  For the purposes of this study, the York Haven Dam 

will not be considered a part of the sediment trapping capacity of the LSR Dams since it is a low-

head dam, does not fully cross the river, and it’s reservoir does not trap a significant amount of 

sediment [24].   

 

It should also be noted that dynamic equilibrium and maximum storage capacity are two different 

but related concepts to describe reservoir storage processes.  A study done by the USGS in 2009 

estimated that the Conowingo Reservoir (the southernmost and last reservoir to be filled) was 

trapping 55% of the annual sediment, 2% of the annual nitrogen, and 40% of the annual 

phosphorous loads from entering the Upper Bay, and would reach maximum storage capacity by 

sometime between 2023 to 2038.  However, due to dynamic equilibrium, the reservoirs will never 

stay silted at 100 percent storage capacity.  Rather the reservoirs will follow periodic cycles of 

scouring sediment and trapping sediment [24, 26]. 

 

1.8 The Steady-State Problem of the Lower Susquehanna River (LSR) Dams 

The diminished trapping capacity of the LSR Dams poses two major problems:  the Steady-State 

Problem which occurs during normal conditions, and the Transient Problem which occurs during 

extreme conditions.  The terms ‘steady-state’ and ‘transient’ are used to classify river flow rate and 

have been adapted from a previous study [27].  Steady-state flow is defined as a flow rate below 

Lower Susquehanna River Dams - Sediment Storage Characteristics 

Dam, 
Location Reservoir 

Storage 
Status 

Sediment 
Deposited (as 
of 2008/2011) 

Sediment 
Storage 
Capacity 

Date Dynamic 
Equilibrium 
Reached 

Safe 
Harbor, PA 

Lake 
Clarke 

Dynamic 
Equilibrium 

92.4 million 
tons 

92.4 million 
tons 

1950’s 

Holtwood, 
PA 

Lake 
Aldred 

Dynamic 
Equilibrium 

14.6 million 
tons 

15.6 million 
tons 

1920’s 

Conowingo, 
MD 

Conowingo 
Reservoir 

Dynamic 
Equilibrium 

181 million 
tons 

194 million 
tons 

2000’s 

Table 3 Lower Susquehanna River Dams Sediment Storage Characteristics 
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400,000 cubic feet per second (cfs), while transient flow is defined as a flow rate equal to or above 

400,000 cfs.  During steady-state flow, sediment and nutrients enter the Bay at low to moderate 

rates, while during transient flow deposited sediment and nutrients are displaced from the 

reservoir in large quantities and flow downstream into the Bay.   

 

The steady-state problem is discussed in this section.  Sediment, nutrients, and other contaminants 

are constantly flowing down the Susquehanna River due to industrial waste, agricultural runoff, 

and other sources.  During normal flow rates (or steady-state flow) which is on average 41,000 cfs, 

the LSR Dams have historically trapped significant amounts of the solid sediment, associated 

nutrients attached to the sediment, and other contaminant loads from entering into the Upper 

Chesapeake Bay, while the rest of the amount that is not trapped is transported downstream into 

the Bay.  The problem arises when the reservoir of the dam reaches a state of dynamic equilibrium.  

When this occurs, it creates a periodic cycle of sediment increase and decrease due to scour and 

subsequent redeposition.  Scouring during steady-state flow rates occurs from 150,000 cfs to 

300,000 cfs, and can contribute upto 0.5 million tons of sediment [24].   

 

1.9 The Transient Problem of the Lower Susquehanna River (LSR) Dams 

The fact that the reservoirs of the LSR Dams trap and store significant amounts of sediment and 

associated nutrients poses another problem, known as the Transient Problem.  The Transient 

Problem occurs when short-term extreme events with flow rates above 400,000 (known as 

transient flow) such as a major storm, hurricane, or ice melt occur in the Susquehanna River.  These 

short-term extreme events, also called scouring events, pick up or scour large amounts of sediment, 

nutrients, and other contaminants from the Susquehanna River watershed and transport them 

downstream into the Lower Susquehanna River.  In addition, when scouring events reach the 

Lower Susquehanna River they also cause extensive flooding in the reservoirs.  This flooding picks 

up or scours large amounts of the deposited sediment from the reservoirs in addition to the 

sediment load already transported downstream from scour of the watershed.  This accumulated 

load is then released through LSR Dams either by spilling over or through flood gates, and as a 

result enters into the Upper Chesapeake Bay.  When these scouring events occur, they release large 

pulses of sediment, nutrients, and other contaminants at once into the Bay leading to major 

ecological damage [10, 14, 24].  Historical case studies of scouring events that have occurred in the 

Susquehanna River will be discussed in a following section. 
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The ecological impact of scouring events vary based on the flow rates at which they occur.  The flow 

rate which causes mass scouring is termed the scour threshold.  A study conducted by the USGS in 

1982 defined the scour threshold in which mass scouring occurs as 390,000 cubic feet per second 

(cfs), while another study done by the US Army Corps of Engineers in 2014 reaffirmed this as the 

scour threshold [14, 24].  In general, flow rates in terms of its scouring implications can be broken 

down into three levels:  Less than 250,000 cfs which is unlikely to create environmental damage, 

390,000 – 600,000 cfs which creates mass scouring conditions, and above 600,000 cfs which leads 

to extensive flooding and environmental damage.  The chart below outlines the flow rates to 

scouring classification, their rate of occurrence, and their implications: 

Flow Rate to Scouring Classification 

 
Flow Rate (cfs) Classification Implications 

Less than 250,000 Frequent Event Flow 
Unlikely to create environmental 
damage 

390,000 - 600,000 Episodic Event Mass sediment scouring occurs 

Greater than 600,000  Catastrophic 
Extensive flooding and environmental 
damage 

Table 4 Flow Rate to Scouring Classification, Source: US Army Corps of Engineers [19] 

In terms of the relationship to the Steady-State and Transient Problems, scouring occurring at less 

than 250,000 cfs relate to the Steady-State Problem, while scouring above 390,000 cfs (for the 

purposes of this study assumed to be 400,000 cfs) relate to the Transient Problem.  Steady-state 

flow can also be defined to be a flow rate below the scour threshold, while transient flow can also 

be defined to be a flow rate at or above the scour threshold.   
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1.10 Scouring Events:  Recurrence Intervals and Scour Loads 

 

Figure 10 Annual Peak Streamflow for Susquehanna River at Conowingo MD, Source:  USGS [28] 

  

Figure 10, adapted from a study by George Mason University in 2014 [27], shows the annual peak 

streamflow from 1968 to 2013 for the Susquehanna River at Conowingo, Maryland based on data 

taken from river monitoring sites from the USGS [28].  The peak streamflows below 390,000 cfs are 

denoted in blue, between 390,000 – 600,000 cfs which indicate scouring events are denoted in 

yellow, and above 600,000 cfs which indicate catastrophic scouring events are denoted in red.  

Since 1968, there have been 13 cases of peak streamflows greater than 390,000 cfs, with 5 cases 

above 600,000 cfs indicating catastrophic scouring events.  Peak streamflows above 150,000 cfs 

indicating steady-state scour occurred in every year except in 2009.   

 

It is important to note that the sediment, nutrient, and other contaminant loads released into the 

Bay during a scouring event is a combination of scour from both the Susquehanna River Watershed 

and the LSR Dams.  A study done by the U.S. Army Corps of Engineers (US ACE) from 2011 to 2014 

found that during scouring events up to 800,000 cfs, the LSR Dams contributes on average 30 

percent of the total scour load, while the other 70 percent comes from the Susquehanna River 

Watershed upstream.  While during scouring events above 800,000 cfs, which occur every 40 years 

or more, the LSR Dams contribute on average 30 to 50 percent of the total scour load.  Additionally, 

it was found that the sediment scoured from the reservoirs of the LSR Dams affects 3 segments of 

the Chesapeake Bay located in the northern region (i.e. Upper Chesapeake Bay) [24].  The table 
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below shows the average streamflow of a scouring event along with its recurrence interval, 

predicted range of total sediment scoured, predicted range of sediment scoured from the LSR Dams, 

and percent of total scour from the LSR Dams [23]. 

 

Scour and Load Predictions for Various Streamflows 

Streamflow 
(cfs) 

Recurrence 
Interval (years) 

Predicted Total 
Sediment Load 
(million tons) 

Predicted Sediment 
Scour Load from 
LSR Dams (million 
tons) 

Percent of 
Scour from LSR 
Dams to Total 
Load 

1,000,000 60 27.1 - 31.1 10.5 - 15.5 39 - 50 

900,000 40 21.8 - 26.2 6.6 - 11 30 - 42 

800,000 25 17.2 - 20.2 4.5 - 7.5 26 - 37 

700,000 17 13.1 - 15.6 3.5 - 6 27 - 38 

600,000 10 7.9 - 10.1 1.8 - 4 22 - 40 

500,000 5.7 4.9 - 6.9  1 - 3 20 - 42 

400,000 4.8 2.4 - 3.4 0.5 - 1.5 21 - 44 

300,000 1.9 0.5 - 1.5 0 - 0.5 0 - 33 

Table 5 Scour and Load Predictions for Various Streamflows, Source: US Army Corps of Engineers [23] 

 

1.11 Historical Case Studies of Scouring Events 

In addition to the flow rates at 

which scouring events occurs, the 

ecological impact of scouring 

events also depends on the timing 

of the storm, the magnitude or 

size of the storm, and the position 

relative to the storm track [10].  

Figure 11 to the right shows the 

flow rates of major storms that 

occurred in the Susquehanna 

River in comparison to the scour 

threshold.  These scouring events 

will be discussed in the following 

sections.   

Figure 11 Historical Scouring Event Peak Streamflows, Source:  UMD CES 
[32] 

0

2

4

6

8

10

12

Tropical Strom
Agnes June, 1972

January Blizzard,
1996

Tropical Storm
Lee, Sept. 2011

Hurricane Sandy,
Oct. 2012

P
ea

k 
St

re
am

fl
o

w
 (

x 
1

0
0

,0
0

0
 c

fs
)

Historical Scouring Events; Susquehanna River

Scour Threshold  

~ 390,000 cfs 



38 
 

1.11.2 Hurricane Agnes; 1972 

Dropping up to 18 inches of heavy rain in parts of Southern Pennsylvania and Northern Maryland, 

Hurricane Agnes caused the Susquehanna River to swell to record crest levels of 32.57 feet – within 

inches of the top of the Conowingo Dam. More importantly, the storm scoured a record amount of 

sediment, with the flow rate reaching an extremely high 1.1 million cubic feet per second, the only 

time the River has exceeded such a mark. The storm caused billions of dollars in damages across 

the two states, and had a negative ecological impact that affected the Chesapeake Bay ecosystem for 

the next 40 years [29]. 

 

1.11.3 January Blizzard; 1996 

A blizzard in 1996 dropped large amounts of snow in the Susquehanna region. However, rapid 

temperature rises over the following days caused the accumulation to melt and flow into the 

Susquehanna River; this created the largest flash flood since Tropical Storm Agnes. Flow rates 

averaged 440,000 cfs, and nutrients and sediment flowed at near record amounts [30]. 

 

1.11.4 Tropical Storm Lee; 2011 

Many regions of Pennsylvania were hit with rainfall amounts that shattered Tropical Storm Agnes’ 

records during Tropical Storm Lee in 2011. Alongside a river flow rate around 800,000 cfs, the 

storm scoured 6.7 million tons of sediment from behind the Lower Susquehanna Dams, sending it 

into the Chesapeake Bay; that amount was the equivalent of six years’ worth of sediment that would 

be sent into the Bay at normal flow rates [31]. 

 

1.11.5 Hurricane Sandy; 2012 

Despite heavy rainfall, Hurricane Sandy did not cause substantial scouring, as evident by images of 

the Chesapeake Bay sediment plume. The Susquehanna River flow rate also did not exceed the 

minimum scour streamflow rating of 175,000 cubic feet per second (cfs) [32]. 

 

1.12 Characterization of Sediment in the Lower Susquehanna River (LSR) Dams 

The types of sediment deposited in the reservoirs of the LSR Dams consists primarily of sand, silt, 

and clay.  The contaminants attached to the sediment consists of three primary categories:  

nutrients, metals, and trace organic compounds.  Nutrients include carbon, nitrogen, phosphorous, 

and sulfur.  In terms of metals, there are a number of different types in the sediment which include 

cadmium, chromium, copper, iron, manganese, nickel, lead, zinc, silver, and mercury.  Trace organic 
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compounds found in the sediment include polycylic aromatic hydrocarbon (PAH’s), polychlorinated 

biphenyl (PCB’s), and other pesticides [33, 27].  

 

A study conducted by the US Army Corps of Engineers in 2014 found that the sand is actually 

beneficial to the ecosystem providing benefits to fish and other habitats, while it is the clay and silt 

that causes environmental degradation in the Bay.  This is because the nutrients and contaminants 

are primarily attached to the clay and silt due to their cohesive properties, and do not attach to the 

sand.  In addition due to the heavier particle weight of the sand, only 5-10% of the sediment 

transported in the scour load is sand, while the rest of the sediment scour load is made up of silt 

and clay.   Therefore during a scouring event, the scour load consists primarily of silt and clay 

(i.e. harmful sediment) which deposits in the Upper Bay affecting subaquatic vegetation and 

blanketing benthic organisms, while attached with the silt and clay are nutrients that are 

mobilized into dissolved forms causing algal blooms and thereby affecting water quality.  

The sand which is actually beneficial to the ecosystem is primarily left behind in the reservoirs 

during a scouring event [24]. 

 

 

Figure 12 Characterization of Sediment in the LSR Dams, Source:  US Army Corps of Engineers [F12] 

 

Figure 12 above shows the percent of sand, silt, and clay for each of the reservoirs of the LSR Dams.  

Lake Clarke and the Conowingo Reservoir have lower amounts of sand in comparison to silt and 

clay than Lake Aldred.  This is most likely due to mining operations removing silt-sized coal that 
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occurred in Lake Aldred for several decades until Hurricane Agnes in 1972 which made mining the 

silt-sized coal infeasible.  The Conowingo Reservoir has the greatest amount of clay and silt with a 

total of approximately 152 million tons, Lake Clarke has a total of approximately 67.45 million tons, 

while Lake Aldred has the smallest amount with a total of approximately 5.69 million tons. 

 

1.13 Future Conditions of the Chesapeake Bay Watershed 

Forecast changes in the Chesapeake Bay include global climate change and sea level rise.  It is 

predicted that this will increase the frequency and severity of scouring events occurring in the 

Lower Susquehanna River Watershed.  A more detailed assessment of this is provided in the Lower 

Susquehanna River Watershed Assessment (LSRWA) conducted by the U.S. Army Corps of 

Engineers (US ACE) [24]. 

 

1.14 Chesapeake Bay Regulations and the Total Maximum Daily Load (TMDL) 

There have been a number of legal regulations passed to limit or control the amount of sediment 

and nutrient pollution into the Chesapeake Bay.  These include:  the 1987 Chesapeake Bay 

Agreement, the Chesapeake Bay Preservation Act in 1988, agricultural waste limit laws passed in 

Pennsylvania, Virginia, and Maryland from 1993 to 1998, the Chesapeake 2000, the EPA Total 

Maximum Daily Load (TMDL) in 2010, and most recently the Chesapeake Bay Watershed 

Agreement in 2014 [77]. 

 

The Chesapeake Bay Total Maximum Daily Load (TMDL) established by the U.S. Environmental 

Protection Agency (EPA) is the most relevant to this study.  The TMDL identifies the necessary 

pollution reductions to be met by 2025 to ensure swimmable and fishable waterways for the entire 

Chesapeake Bay watershed which encompasses the states of Virginia, West Virginia, Maryland, 

Delaware, the District of Columbia, Pennsylvania, and New York.  The TMDL annual limits for the 

entire Bay are:  185.9 million pounds of nitrogen, 12.5 million pounds of phosphorous, and 6.45 

billion pounds of sediment resulting in a 25%, 24%, and 20% reduction from 2010 levels.  The Bay 

TMDL is a combination of 92 component TMDL’s for areas of the watershed.  The Susquehanna 

River TMDL annual limits are:  86.5 million pounds of nitrogen, 3.8 million pounds of phosphorous, 

and 2 billion pounds of sediment which is approximately 47%, 30%, and 31% of the total Bay TMDL 

levels [34, 35, 30].  The TMDL is aimed at reducing sediment and nutrient pollution from entering 

into the river.  However when the TMDL was established in 2010, the dynamic equilibrium state of 

the Conowingo Dam and Reservoir was not known, and it was assumed the Conowingo Reservoir 
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would continue to trap large amounts of sediment pollution that it historically did during steady-

state flow up till 2025.  A midpoint assessment in 2017 by the EPA will reevaluate the sediment 

storage dynamics of the Conowingo Dam and adjust the load limits accordingly and/or implement 

sediment reduction strategies.  In addition, the TMDL regulation only took into account the 

hydrologic record from 1991 to 2000 [24].  This indicates that it has not taken into account 

scouring events with flow rates above the January Blizzard of 1996 (mean discharge of approx. 

440,000 cfs) such as Tropical Storm Lee or Hurricane Agnes in the calibration of the TMDL levels.  

As seen from the data discussed above, a scouring event at these flow rates can release the 

retained sediment located behind the dams in significant amounts and potentially deliver 

pollution loads above the TMDL limits [36, 37].    
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2.0 Problem Statement 

 

2.1 Problem Overview 

The Lower Susquehanna River (LSR) Dams, which consist of the Safe Harbor, Holtwood, and 

Conowingo dams, provide hydroelectric energy, water storage, and recreation for the surrounding 

areas in addition to historically trapping a significant amount of sediment and associated nutrient 

loads from entering into the Chesapeake Bay.  However, the Safe Harbor, Holtwood, and Conowingo 

dams have reached near maximum sediment storage capacity and are in a state of dynamic 

equilibrium.  Due to the dynamic equilibrium state, periodic cycles of sediment increase and 

decrease will occur, contributing up to 1.5 million tons of sediment during each steady-state scour.  

This is known as the Steady-State Problem.  Additionally, the fact that the LSR Dams trap sediment 

and associated nutrient loads poses another risk, known as the Transient Problem.  The Transient 

Problem is the risk of tropical storms, hurricanes, or ice melts known as scouring events, flooding 

the reservoirs of the LSR Dams and releasing substantial amounts of retained sediment at once into 

the Bay.  The Scientific Technical and Advisory Committee (STAC) summarized the effects that 

sediment and nutrient loads from scouring events in the Susquehanna River have on the ecosystem 

of the Chesapeake Bay:  higher turbidity and sedimentation in the Upper Bay, increased loading of 

phosphorous in the Middle Bay, increased need for dredging the navigation channels in the Upper 

Bay due to excess sediment, adverse effects on the recovery of submerged aquatic vegetation (SAV) 

due to water quality contamination, adverse effects on benthic organisms (such as oysters) due to 

episodic sediment loads, adverse effects on fish populations in the Upper Bay including;  clogged gill 

tissues and smothering of eggs, indirect effects on the abundance planktonic prey of larval and 

juvenile fish, and habitat alterations due to increasing sedimentation [38].  The ecological impacts 

of major scouring events can be seen from historical case studies such as Hurricane Agnes in 1972, 

the Ice Melt of 1996, Tropical Storm Lee in 2011, and others. 
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Figure 13 Sediment Load for TMDL Limits, Annual and Scouring Events, Source:  USGS, US ACE, EPA [14, 23, 35] 

Although the greater scour load from a scouring event comes from the Susquehanna River 

Watershed, rather than the LSR Dams, the total sediment scoured from the LSR Dams may still 

substantially surpass both the current Susquehanna River and Chesapeake Bay regulations to limit 

the amount of sediment loads known as the Total Maximum Daily Load (TMDL).  Figure 13 above 

shows TMDL limits compared to the average annual sediment load from the Susquehanna River 

(from 1978-2011) along with the sediment amount scoured during steady-state flow, and the 

average sediment loads scoured during transient streamflows from the LSR Dams.  The 

Susquehanna transports on average 2.5 million tons annually, along with upto 0.5 million tons 

transported during each steady-state scour.  However scouring events with average streamflows 

above 500,000 cfs, occurring during transient flow, can exceed TMDL limits for the Susquehanna 

River by 2 to 13 times.  This amounts to an increase ranging from 100 to 1200 percent above 

the TMDL limits for the Susquehanna. 

 

In addition, although scouring events have been known to be low probability events, the increased 

deposition of sediment in the LSR Dams, and the predicted effects of climate change and sea 

level rise may cause more frequent and more severe scouring events.  Due to these effects and 

future watershed conditions, the scope of this study is concerned with the Transient Problem. 
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2.2 Gap Analysis: Scour Load from the Lower Susquehanna River (LSR) Dams 

 

Figure 14 Predicted Average Scour Load during Major Scouring Events, Source:  US ACE [24] 

The figure above shows the average total scour load from both the Susquehanna River Watershed 

and the LSR Dams during scouring events with average streamflows from 400,000 to 1 million cfs.  

The gap remains to reduce the scour load from the LSR Dams during major scouring events which 

can contribute on average 30 to 45 percent of the total scour load depending on the streamflow. 

 

2.3 Problem Statement 

To summarize:  The Lower Susquehanna River (LSR) Dams have acted as a sediment and nutrient 

trap for approximately 80 years.  However the Safe Harbor, Holtwood, and Conowingo dams have 

reached near maximum sediment storage capacity.  Due to the increased deposition, the predicted 

amount of harmful sediment that will enter the Upper Chesapeake Bay during a major scouring 

event will surpass TMDL limits, and significantly damage the Bay’s ecosystem more than 

previously.  In addition, due to predicted changes in future watershed conditions, the frequency of 

major scouring events may also increase.   
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3.0 Need Statement 

 

3.1 Previous Sediment Management Studies 

A number of studies have been published regarding aspects of the LSR Dams such as the 

bathymetry and sediment storage profiles, types of sediment deposited, and effects of major 

scouring events, by organizations such as the USGS, UMD-CES, and others.  Two studies conducted 

from 2011 to 2014 by the US Army Corps of Engineers (US ACE) and in 2014 by George Mason 

University (GMU) evaluated a number of sediment management techniques for the Lower 

Susquehanna River (LSR) Dams during high flow scouring events. 

 

3.1.1 US Army Corps of Engineers:  Lower Susquehanna River Watershed Assessment 

(LSRWA) 

The U.S. Army Corps of Engineers (USACE) conducted a $1.37 million study from 2011 to 2014 

known as the Lower Susquehanna River Watershed Assessment (LSRWA), which was also 

sponsored by the Maryland Department of Natural Resources, Maryland Department of the 

Environment, US Geological Survey, the Susquehanna River Basin Commission, the Chesapeake Bay 

Program, and the Nature Conservancy.  The LSRWA study included three primary goals:  to evaluate 

strategies to manage sediment and associated nutrient delivery to the Chesapeake Bay, evaluate 

strategies to manage sediment and associated nutrients available during high flow storm events, 

and to determine the effects of the loss of trapping capacity of the LSR Dams on the Chesapeake 

Bay.  Strategies evaluated for managing sediment during high flow events included minimizing 

sediment deposition in the reservoirs through bypassing sediment, modifying dam operations, and 

increasing or recovering sediment trapping volume through dredging or removing sediment and 

placing it into quarries.  In addition, sub-strategies for dredging included innovative reuse to offset 

the costs of removing sediment including developing lightweight aggregate, restoring eroded 

islands, and manufactured soil.  The study concluded that sediment bypassing or routing sediment 

around the reservoirs and instead transporting the loads downstream is lower in cost to other 

alternatives, but will conversely have adverse effects on the Bay’s ecosystem due to increased 

sediment and nutrient loads.  It was also concluded that for dredging to be effective, it must operate 

annually or on a continuous cycle to have a net improvement on the Bay [24].   
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3.1.2 Recommendations from the LSRWA Study 

The LSRWA Study concluded with the following four primary recommendations: 

“1. Before 2017, quantify the full impact on Chesapeake Bay aquatic resources and water quality 

from the changed conditions in the Lower Susquehanna River dams and reservoirs. 

2. U.S. EPA and Bay watershed jurisdictional partners should integrate findings from the LSRWA 

into their ongoing analyses and development of the seven watershed jurisdictions’ Phase III WIP’s 

as part of the Chesapeake Bay TMDL 2017 mid-point assessment. 

3. Develop and implement management options that offset impacts to the Upper Chesapeake Bay 

ecosystem from increased sediment-associated nutrient loads. 

4. Commit to enhanced long-term monitoring and analysis of sediment and nutrient processes in 

the Lower Susquehanna River and Upper Chesapeake Bay to promote adaptive management. [24]” 

 

In addition, although the US ACE study found that the majority of the scour load stems from 

the watershed rather than the reservoirs, the US ACE still recommended that scour be 

reduced from both sources:  “However, both sources of sediment and nutrient loads, reservoir 

scour and watershed load should be addressed to protect aquatic life in the Chesapeake Bay [55].”  

Secondly, although the US ACE study found that nutrients primarily cause long term 

environmental degradation, they also stated that by conducting sediment management this 

is in turn managing nutrients since nutrients are attached to the deposited sediment load in 

the reservoirs:  “This assessment included a survey-level screening of management strategies to 

address the additional loads to the Chesapeake Bay from scour.  The focus was managing and 

evaluating sediment loads with the understanding that there are nutrients associated with those 

sediment loads; thus, in managing sediment, one is also managing nutrients [55].”  Thirdly, the US 

ACE study concluded that dredging would need to be done on a continuous or annual cycle to 

be performance effective:  “Sediment removal would be required annually, or on some regular 

cycle, to achieve any actual net improvement to the health of the Bay.  This positive influence is 

minimized due to sediment loads coming from the Susquehanna watershed during a flood event 

[55].” 

 

3.1.3 George Mason University:  Design of a Dam Sediment Management System  

A previous study from George Mason University (GMU) in 2014, along with sponsorship by the 

West/Rhode Riverkeeper, Inc. and the Lower Susquehanna Riverkeeper, was conducted to analyze 
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sediment mitigation strategies for the Conowingo Dam.  To reduce the sediment buildup behind the 

Conowingo Dam, this study analyzed three alternatives:  no mitigation, removal of sediment by 

hydraulic dredging, and removal of sediment by hydraulic dredging in addition to increasing 

bottom shear velocity through the construction of an artificial island.  As part of the hydraulic 

dredging alternative, four alternatives to utilization of the removed sediment were also analyzed.  

The first was to store the removed sediment in a quarry, while the other three were processes to 

convert the removed sediment into commercial products which included:  low temperature 

sediment washing, thermal decontamination via a rotary kiln, and plasma gas arc vitrification.  A 

utility analysis was conducted using a fluid mechanics, ecological impact, and business reuse model 

to determine the optimal alternative.  The study concluded that the recommended alternative is to 

dredge (i.e. remove sediment at) 1 to 5 million cubic yards per year and process the removed 

sediment into high grade architectural tile via the plasma gas arc vitrification process, which will 

yield a net income ranging from $17 million to $95 million per year depending on the amount 

dredged.  The secondary conclusion, if the former is not possible, is to dredge 1 million cubic yards 

per year and process it into lightweight aggregate via the thermal decontamination process, in 

addition to using some of the removed sediment for the construction of an artificial island.  A major 

finding was that the only product alternative that yielded a positive ROI was the plasma gas arc 

vitrification process, and that the artificial island to bypass sediment deposition did not reduce the 

scoured sediment load by a substantial degree compared to only dredging.  However, the research 

team recommended that further analysis be done to determine if the plasma gas arc vitrification 

process does indeed yield a positive ROI, to extend the utility analysis, and to conduct research on 

mitigating sediment from the three dams north of the Conowingo (i.e. the Holtwood, Safe Harbor, 

and York Haven) [27].  The purpose of the current study is to conduct research on the 

recommendations mentioned.  

 

3.2 Gaps in Previous Studies and Need for Current Study 

The previous studies on sediment mitigation for the LSR Dams evaluated a number of strategies for 

addressing the deposited sediment buildup.  However, gaps still remain as the dams above the 

Conowingo (i.e. Holtwood and Safe Harbor) have not been evaluated for sediment management, 

such as sediment removal through dredging.  Secondly, there needs to be a detailed assessment of 

the economic feasibility of processing alternatives such as plasma gas arc vitrification, and other 

dredged sediment processes that were not evaluated in the previous studies.  Thirdly, the US ACE 
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study evaluated a number of strategies for sediment mitigation and the majority of them were not 

performance effective except for dredging if done on a continuous cycle.      

 

Therefore, there is a need to develop a sediment removal and processing system to reduce 

the sediment build up in the LSR Dams consisting of the Safe Harbor, Holtwood, and 

Conowingo Dams, in order to reduce the ecological impact of future scouring events.  In other 

words, the Safe Harbor, Holtwood, and Conowingo dams need to be viewed as a system of sediment 

and associated nutrient traps, in which each dam is seen as a component of the sediment trapping 

system.  When one component (i.e. dam and reservoir) fails (i.e. no longer effectively traps 

sediment), then the next component acts as a trap until all the components fail (i.e. all the 

reservoirs reach near maximum storage capacity).  In addition, although the Conowingo Reservoir 

has the largest amount of sediment deposited, sediment removal strategies need to be evaluated for 

all three reservoirs to reduce the impacts of major scouring events.  However it is important to note 

that in order to prevent further environmental degradation in the Upper Chesapeake Bay, nutrient 

and other pollutant mitigation needs to also be conducted in the Susquehanna River Watershed 

above the dams, which contributes the majority of the scour load during major scouring events.   
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4.0 Scope 

 

The scope of the current study is constrained by a number of factors:  

 

The first is that the scope of the study is limited geographically to the Conowingo, Holtwood, and 

Safe Harbor dams of the Lower Susquehanna River, and does not include the York Haven Dam.  This 

is because the York Haven Dam is not considered a part of the LSR Dams sediment trapping 

capacity since it is a low-head dam, does not fully cross the river, and its reservoir does not trap 

sediment to a significant degree [12].   Secondly, the study is concerned with the mitigation of 

sediment that is already deposited behind the dams and not mitigating the scour load from the 

Susquehanna Watershed or preventing sediment loads from entering into the Susquehanna River.  

The reason for this is because the normal sediment and nutrient loads are already being addressed 

by the TMDL regulation established by the EPA.  In addition, addressing the normal flow of 

sediments into the river would not affect the sediment that is already deposited behind the dams 

[30].   Thirdly, the study is concerned with nutrients and other contaminants that are attached to 

the solid sediment in the reservoirs.  This is because free flowing nutrients are addressed by the 

TMDL or other regulations.  Fourthly, the study is primarily concerned with the ecological impact of 

deposited sediment loads behind the dams that are scoured during transient flow rates (known as 

the Transient Problem), not sediment and nutrient loads scoured from normal or steady-state flow 

rates.  Although addressing the Transient Problem will help to address the Steady-State Problem, 

the greater ecological impacts occur during major scouring events.  Fifthly, the study is only 

concerned with sediment removal and processing alternatives and will not evaluate other sediment 

mitigation techniques such as modifying dam operations, enlarging the storage capacity of the 

reservoirs, sediment flushing, sediment bypassing (i.e. artificial islands or flow diverters), or dam 

decommissioning.  The reason for this is because the aforementioned sediment mitigation 

alternatives have already been evaluated by the US ACE and GMU studies as infeasible or not 

performance effective, however sediment removal and processing may offset some of the costs 

associated with sediment mitigation, and be performance effective if done on a continuous cycle.  

Finally the mitigation is constrained to environmental engineering measures rather than policy 

decisions. 
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5.0 Stakeholder Analysis 

 

The primary stakeholders compromise of six groups:  Riverkeepers, Power Companies, Residents of 

Maryland and Pennsylvania, Private Environmental Organizations, State & Federal Regulatory 

Bodies, and Maryland & Pennsylvania State Legislatures.   

 

5.1 Riverkeepers 

5.1.1 West/Rhode Riverkeeper (WRR), Inc. 

West/Rhode Riverkeeper (WRR) is a non-profit organization. Their main objective is to protect 

families and communities surrounding their watershed.  They hope to achieve this by attempting to 

stop pollution in the river.  They also strive to keep the rivers and streams safe and healthy.  They 

are a licensed member of the Waterkeeper Alliance, an international movement to protect rivers 

and streams [39]. 

 

5.1.2 Waterkeeper Alliance 

The Waterkeeper Alliance supports Waterkeeper programs by advocating for waterways that lack 

protection, and aims to help communities around waterways whose right to clean water is 

threatened.  They aim to protect watersheds worldwide [40]. 

 

5.2 Power Companies 

5.2.1 Exelon Generation 

Exelon Generation is the owner and current temporary licensed operator of the Conowingo Dam, 

and produces approximately 500 megawatts (MW) of electricity [78].  Their primary license 

expired on September 1, 2014, but they have received a one year extension license. The Federal 

Energy Regulatory Commission (FERC) has allowed for the extension, to allow themselves time to 

verify Exelon’s compliance with environmental regulations [41].  They aim to get their license 

renewed so that they can continue providing clean renewable energy to the residents that depend 

on them. 

 

5.2.2 Pennsylvania Power and Light (PPL) 

Pennsylvania Power and Light (PPL) is the current licensed operator and owner of the Holtwood 

Dam.  PPL produces 230 MW of power after an expansion to the dam that started in 2010 and 

ended in December 2013 [42].  Providing clean renewable energy is one of their primary objectives, 
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and the power generated is used by the residents of Pennsylvania.  PPL is licensed through 2030 

[79]. 

 

5.2.3 Safe Harbor Water Power Corporation 

Safe Harbor Water Power Corporation (SHWPC) is the current licensed operator of the Safe Harbor 

Dam. SHWPC produces around 114 MW of electricity annually.  The dam only operates during peak 

demand of power [43].  Their main goal is to provide renewable energy to Pennsylvania and New 

York residents and recreational waters for the residents around the dam.  SHWPC is licensed also 

through 2030. 

 

5.3 Residents of Maryland and Pennsylvania 

Maryland and Pennsylvania residents consist of two groups. The first group consists of the 

residents that live along the shores of the Lower Susquehanna River watershed. Within that group 

are the residents that use the river for agriculture and recreational use. Some of the residents that 

use the river for agricultural use are contributors to pollution in the river due to improper farming 

methods.  The remaining residents use it for recreation; their objective is for clean and healthy 

water that can be used for fishing and water sports. The second group consists of the residents that 

don’t live along the shore of the river, but they receive power from the hydroelectric dams along the 

river. The residents that live outside the watershed want to keep receiving their utility services 

without an increase in cost. 

 

5.4 Private Environmental Organizations 

5.4.1 Chesapeake Bay Foundation (CBF) 

The Chesapeake Bay Foundation is an organization whose main objective is to save the Bay from 

the pollution entering it from its massive watershed. They aim to educate the general public on the 

health of the Bay, advocate for legislation on this issue, and want to restore the Bay to preserve the 

thousands of species that use it as an ecological habitat.  Their motto “Save the Bay” has become 

well-known throughout communities around the Chesapeake Bay [44]. 

 

5.4.2 Clean Chesapeake Coalition (CCC) 

The Clean Chesapeake Coalition aims to ‘clean’ the Chesapeake Bay in a fiscally responsible manner, 

as the organization feels that no solutions are being offered to mitigate this ever-growing problem. 

The organization realizes that there is a need to restore the water quality in the Bay that is 
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important to many of Maryland’s largest industries, especially the fishing industry. The coalition 

feels that local governments have been forced to pay for the ineffective initiatives that the federal 

government has enacted, and seeks a more responsible allocation of Chesapeake Bay restoration 

funds [45]. 

 

5.5 State & Federal Regulatory Bodies 

5.5.1 Federal Energy Regulatory Commission (FERC) 

The FERC is an independent government agency that is responsible for the regulation of interstate 

transmission of electricity, natural gas, and oil. The FERC is also responsible for licensing 

hydropower projects as well as reviewing proposals for the building of interstate gas pipelines [46]. 

 

5.5.2 Maryland Department of the Environment (MDE) 

Founded in 1987, the Maryland Department of the Environment aims to protect and preserve 

Maryland’s air, water, and land. One of their main objectives is to improve Maryland’s water quality, 

namely the Chesapeake Bay [47]. 

 

5.5.3 Environmental Protection Agency (EPA) 

The EPA is also a government agency that is geared toward protecting human health and the 

environment. The main purpose of this agency is to protect the citizens from significant risk of 

health problems due to the environment in which they work, live, and learn. They enforce federal 

laws that are set to protect human health and the environment.  One of the projects that is most 

concerning to them is the health of the largest estuary in the United States – the Chesapeake Bay 

[48]. 

 

5.6 Maryland & Pennsylvania State Legislatures  

The Maryland legislature consists of 47 Senators and 141 Delegates representing 47 districts [43].  

Pennsylvania legislature consists of 50 Senators and 203 Delegates representing 50 districts [44-

45].  Both legislative bodies are responsible for enacting laws necessary for the welfare of citizens 

of each of their states. They are also responsible for enacting certain laws having to do with their 

counties and special taxing districts. They are also responsible for making amendments to their 

States’ Constitution [49]. 

 

 



53 
 

5.7 Stakeholder Interactions and Tensions 

While every stakeholder has an interest in the removal of sediment from behind the dams, no single 

organization has accepted responsibility for the pollution collected in the reservoirs.  The Clean 

Chesapeake Coalition (CCC) believes that Exelon Generation should take responsibility and pay for 

the expensive removal process [73].  Exelon Generation does not see that the sediment mitigation is 

only their responsibility, but rather the entire watershed’s responsibility since they did not cause 

sediment to flow into the river.  Also they do not want to take responsibility because there would be 

no financial gain and to avoid loss in revenue they would have to increase the cost of the utilities 

they provide. However increasing the cost of the utilities is not something that the residents 

appreciate, and the residents want to continue receiving utilities at no cost increase.  In addition, 

the Chesapeake Bay Foundation (CBF) feels that Chesapeake Bay restoration efforts should seek 

other strategies for sediment mitigation from the Conowingo Reservoir [74].  The FERC has granted 

Exelon Generation a temporary one-year license for continued hydroelectric power generation until 

further studies are conducted concerning the ecological impacts of the retained sediment in the 

Conowingo Reservoir [75]. 
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The figure below summarizes the various stakeholder interactions and tensions, with tensions outlined in red: 
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Section II:  Concept of Operations (CONOPS) 

 

The Concept of Operations (CONOPS) describes the characteristics of the proposed sediment 

removal and processing system and consists of the following sections:  Requirements, Operational 

Scenario, and Design Alternatives. 
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6.0 Mission Requirements 

 

MR.1 The system shall reduce sediment scouring potential from the Lower Susquehanna River 

(LSR) Dams 

 

MR.2 The system shall operate for a minimum lifecycle of 20 years. 

 

MR. 3 The system shall facilitate achievement of Susquehanna River Total Maximum Daily Load 

(TMDL) limits of 985,000 tons of sediment and 1,900 tons of phosphorous per year. 

 

MR.4 The system shall allow for continued hydroelectric power generation for the Lower 

Susquehanna River (LSR) Dams. 
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7.0 Operational Scenario 

 

In order to address the need to reduce the sediment build up in the LSR Dams in order to reduce the 

impact of major scouring events, a sediment removal and processing system is proposed.  The 

sediment removal and processing system consists of four components: 

 

1. Sediment Removal 

2. Sediment Transport 

3. Sediment Processing 

4. Product Production 

 

In general, the sediment removal and processing system will remove sediment from each reservoir 

of the LSR Dams through a hydraulic dredging operation.  The removed sediment will then be 

transported in slurry form to a processing plant.  The processing plant will then process the 

dredged sediment into marketable products which can be sold to offset the costs of sediment 

removal.  

 

7.1 Sediment Removal and Transport 

Sediment removal will be achieved through a dredging operation.  Dredging is an excavation 

activity with the purpose of removing sediment and debris from the bottom of lakes, rivers, and 

other water bodies.  Although traditionally used to increase or maintain navigation channel depth 

for safe passage of ships and boats, the proposed system will use environmental dredging which is 

used specifically for removal of contaminated sediment from a body of water for the purpose of 

sediment remediation [50, 51].  There are a number of different dredging equipment types, but they 

can be classified into three based on their excavation and operational method:  mechanical, 

pneumatic, and hydraulic.  Mechanical dredges generally remove sediment by ‘scooping’ it up from 

the bottom and placing it on a barge or disposal area.  The excavator can be located on the shore but 

is usually mounted on a barge, which is moved to where the dredging is to occur.  However 

mechanical dredges are more suited for channel dredging rather than environmental dredging 

since they may not be able to contain dislodged sediment during the dredging operation.  

Pneumatic dredges use air-powered pumps to remove the retained sediment from the bottom of 

the water body.  However they are more suited for deeper waters, and are not commonly used in 

the United States.  Hydraulic dredging removes and transports sediment using large amounts of 
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process water that changes the composition of the sediment into a slurry (a mixture of 

approximately 80 percent water and 20 percent sediment), which is then sucked through pipelines 

or other methods for transport.  Hydraulic dredgers are commonly used for environmental 

dredging because they are capable of excavating most types of materials with higher production 

rates than comparatively sized mechanical dredges.  In addition, since hydraulic dredging 

transports the sediment in slurry form, a pipeline can be set up to link directly to the disposal site 

and continuously transport the dredged sediment.  Therefore, a hydraulic dredging operation will 

be used for sediment removal and transport due to the suitability it has for the proposed system.  

 

After the sediment is removed or dredged, it needs to be transported to the processing site.  The 

removed sediment, also termed as the dredged sediment, will be transported through hydraulic 

piping directly to the processing site.     

 

7.2 Sediment Processing and Product Production 

In order to offset some of the costs of dredging sediment, the removed sediment can be dewatered, 

decontaminated, and processed into various products to be sold.  In order to process the dredged 

sediment into a product that can be sold, a processing plant will be built alongside the reservoir.  

The goal remains to minimize the cost associated with the removal and processing operation, while 

maximizing the revenue generated from the product sales.  An exhaustive survey of dredged 

product reuse alternatives was conducted and resulted in two sediment processing alternatives to 

be evaluated for each processing plant.  These alternatives are discussed in Section 8.0.    

 

In summary:  the sediment removal and processing system will be a steady-state hydraulic 

dredging and processing plant operation that will continuously remove sediment from the LSR 

Dams and process the dredged sediment into the most cost-efficient product (as determined by the 

analysis).  In addition, this system will last for a lifecycle of 20, 25, or 30 years and will be assumed 

to be financed by a government bond lasting over the lifecycle of the system.  It is anticipated that 

the system will undergo major upgrades or a renovation beyond 30 years which will require a new 

design and funding. 
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8.0 Design Alternatives 

 

The desired goal of the study is to determine a cost-performance effective solution for removing 

and processing the retained sediment located in the reservoirs of the Safe Harbor, Holtwood, and 

Conowingo dams.  This will be contingent on the size of the processing plants (i.e. the amount of 

dredged sediment to be processed) as well as the employed processing technique for the sediment.  

The design alternatives include two sediment processing techniques which are:  Plasma 

Vitrification and Cement-Lock.  Additionally, a Quarry/Landfill alternative will be used as the 

control or default case to evaluate the tradeoff associated with processing sediment. 

 

8.1 Dredging Amount/Plant Capacity Alternatives 

Before discussing the processing alternatives, it is important to note that the size of each processing 

plant for the Safe Harbor, Holtwood, and Conowingo dams will be varied in relation to the amount 

of sediment dredged from each of the reservoirs of the dams.  The size of each processing plant will 

be determined by the analysis extrapolated from the Scour Performance Curves (Section 9.1).  In 

general, the processing plants will be located strategically close to the dam since this is where the 

harmful sediment (i.e. silt and clay) is primarily located.  

 

8.2 Sediment Processing Alternatives 

Product reuse processing refers to the use of dredged material to develop or manufacture 

commercial, industrial, agricultural, or horticultural products [53].  After an exhaustive survey of 

processing alternatives for dredged sediment, two sediment processing alternatives were chosen to 

be further evaluated which include:  Plasma Vitrification and Cement Lock.   
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Dredged Sediment Processing Alternative Evaluation 

Processing Technique Description 
Product 

Produced 
Suitability 

Plasma Vitrification 
A high thermal process involving 

plasma torches reaching 5000 deg.C 
Glass Slag 

High cost, however 
recommended to be 
further evaluated by 

GMU Study due to high 
revenue 

Cement-Lock 

A thermo-chemical process 
involving a rotary kiln reaching 

temperatures between 1315 and 
1425 deg .C 

Eco-Melt 
Moderate cost and was 
not evaluated by prior 

studies 

Particle Separation/Soil 
Washing 

A blend of mechanical and chemical 
processes that remove 

contaminants through chelating, 
oxidizing agents, and pressurized 

water 

Topsoil 

Preliminary analysis 
indicated a higher cost 

than Plasma and 
Cement-Lock, evaluated 

prior by GMU Study 

Thermal Desorption 
A rotating rotary kiln heats 
sediment to 500 deg. C to 
decontaminate sediment 

Construction 
Aggregate 

Similar costs to 
Cement-Lock, however 

lower revenue, 
evaluated prior by US 

ACE Study 

Fluidized Bed Treatment 

A high temperature heating unit 
converts all organic materials in the 

sediment to carbon monoxide, 
hydrogen, and methane 

Agricultural 
Products 

Discontinued 
development due to 

high costs 

Flowable Fill 
Combines sediment with residential 

waste and binding agents which 
hold contaminants in place 

Concrete Mix 
Has not been used for 
contaminated dredged 

sediment 

Glass Furnace Technology 
An oxy-fueled glass furnace melts 
sediment using high temperatures 

Glass Slag 

More cost-effective 
than Plasma 

Vitrification however 
discontinued 
development 

Electrochemical 
Remediation 

Electrodes are placed into the 
sediment and through polarization 

the organic contaminants are 
broken apart 

N/A 

Used only for sediment 
remediation, no 

product produced to 
offset costs 

Solidification/Stabilization 

Cement, fly ash, lime and chemicals 
are added to the sediment onsite to 

decontaminate the sediment and 
make it reusable 

N/A 

Used only for sediment 
remediation, no 

product produced to 
offset costs 

Base Catalyzed 
Decomposition 

A two stage process involving 
sodium bicarbonate and 

dehalogenation using heat and 
sodium hydroxide 

N/A 

Discontinued 
development due to 

high cost, in addition is 
used only for sediment 

remediation 

Table 6 Dredged Sediment Processing Alternatives Evaluation [54, 56] 
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8.2.1 Plasma Vitrification 

Plasma Vitrification is a process piloted by Westinghouse Plasma Corp. in which dredged sediment 

is exposed to plasma torches reaching temperatures of 5000 deg. C destroying nearly all toxic 

organic and microbiological contaminants.  This produces a glass slag product which can be sold as 

a replacement for glasphalt, roofing granules, coal slag, or as a three-mix glass substitute [59]. 

 

8.2.2 Cement-Lock 

Cement-Lock is a thermo-chemical process developed by the Gas Technology Institute and Unitel 

Technologies, in which dredged sediment is placed through a rotary kiln reaching temperatures 

between 1315 and 1425 deg. C.  During the combustion process, the contaminated sediment is 

mixed with a set of chemical feed materials. The end product is finely ground down to produce 

EcoMelt, a pozzolanic material that can be used as a 40 percent replacement for Portland cement 

used in concrete production [58]. 

 

8.2.3 Quarry/Landfill  

The Quarry/Landfill alternative serves as the control for this study.  It is essentially removing the 

dredged sediment and placing it in a deposit site.  Although this alternative may cost less than the 

processing alternatives, there is no decontamination that takes place, thus there is a risk of 

potential environmental degradation in the future.  In addition, there is no income potential for 

bond repayment. 
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Section III:  Method of Analysis 

 

The sediment processing alternatives provide a solution to address the retained sediment buildup 

in the Lower Susquehanna River Dams.  However two important questions remain which include:   

 

1. How does dredging a certain amount affect scouring potential?  In other words, how much 

sediment should be dredged from the Lower Susquehanna River Dams and what will be the 

resulting sediment scour reduction?   

 

2. What will be the return on investment for dredging various amounts of sediment to process into 

Eco-Melt or glass slag?  

 

The Scour Performance Curves, are a set of regression models derived from the GMU 2014 

Hydraulic Model and are used to determine the relationship between dredging and scouring.  Since 

the Scour Performance Curves treat the dams as static entities, the Fluid System Dynamics Model is 

used to determine if the interaction between the dams in relation to dredging and scouring is 

considerable or negligible during major scouring events.  The Processing Plant Lifecycle Cost Model 

is a stochastic cost model used to determine the net present value for each of the design 

alternatives to be evaluated.  The results of these models and analyses will be used in a utility vs. 

cost analysis, which will then be used to provide the final recommendations and conclusions.  A 

brief overview of these models and analysis are provided below, followed by a more detailed 

explanation in the following sections.    
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Figure 15 Method of Analysis Overview 

 

The figure above shows the method of analysis for the sediment removal and processing system.  

The first aspect of the analysis is determining the performance of a sediment removal and 

processing system in terms of sediment scouring reduction.  Using the GMU 2014 Model results, the 

Scour Performance Curves produce an approximate estimate of the percent of scouring reduction 

from various dredging amounts.  In order to validate the assumption that the dynamic interaction 

between the dams during major scouring events is negligible, the Fluid System Dynamics model 

uses historical water, sediment, and reservoir profile data to simulate various reservoir capacity 

scenarios during major scouring events.  The second aspect of the analysis is determining the 

lifecycle costs of a sediment removal and processing system.  Using the dredging amount cases from 

the Scour Performance Curves, and the costs, revenue, and other variables associated with the 

processing plant operation, the Processing Plant Lifecycle Cost Model produces a probabilistic 

estimate of the net present value for each dam, processing, and dredging amount alternative.   
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9.0 Simulation & Modeling Design 

 

9.1 Scour Performance Curves 

The first aspect of the analysis is determining what the performance of a sediment removal and 

processing system is in terms of the scour reduction potential.  In other words, it is answering the 

question:  how much sediment should be dredged from the Lower Susquehanna River Dams, and 

how does dredging this amount affect sediment scouring potential?  Would dredging most of the 

sediment from the Lower Susquehanna River Dams be performance effective, or does dredging 

follow a trend of diminishing returns?  The Scour Performance Curves are a set of regression 

models derived from the GMU 2014 Hydraulic Model which are used to approximate sediment 

scouring potential from amounts of dredged sediment. 

 

9.1.1 GMU 2014 Hydraulic Model 

A hydraulic model was developed in the 2014 GMU Study to simulate the sediment scouring 

potential resulting from dredging 1, 3, and 5 million cubic yards of sediment annually from behind 

the Conowingo Dam over a 20 year time frame [27].  In general, the inputs to the model include 

historical water flow rates, reservoir velocity profiles, reservoir bathymetry profiles, and sediment 

deposition rates approximated by the rouse number.  The model calculates the flow rate through 

the river based upon a lognormal distribution of precipitation.  The velocity profile of the river is 

adjusted according to the bathymetry of the river in order to satisfy the continuity principle.  

Finally, sediment scouring and re-deposition are calculated as functions of flow velocity and river 

bathymetry.  The model outputs daily reservoir depth and scoured sediment statistics over a 20 

year time frame.  The model also simulated three future water flow rates for each dredging amount 

alternative using the hydraulic record of the Lower Susquehanna River from 1967 to 2013:  a ‘dry 

world’ with of a maximum flow rate of 400,000 cubic feet per second (cfs), a ‘future is the past 

world’ matching historical data with a maximum flow rate of 700,000 cfs, and a ‘wet world’ with a 

maximum flow rate of 1 million cfs. 

 

9.1.2 Dredging and Sediment Scouring Regression 

Using the simulation results from the GMU 2014 Hydraulic Model, a correlation between dredging 

amounts and the percent of scouring reduced was derived.  This section details the derivation and 

extrapolation of the simulation data to approximate the relationship between dredging and 

sediment scouring for all three of the Lower Susquehanna River Dams.   
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Figure 16 GMU 2014 Model Simulation Results 
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The figures above show the simulation results from the GMU 2014 Hydraulic Model for the three 

dredging amounts simulated (1 million, 3 million, and 5 million cubic yards per year), and for each  

of the three water flow rate test cases (400,000 cfs, 700,000 cfs, and 1 million cfs).  The figures in 

general show that dredging does indeed have a trend of diminishing trends over time; as the more 

sediment is dredged, the amount of sediment scoured from dredging that same amount is reduced 

over time.  The figures also show that the benefits of dredging 1 million cubic yards annually 

decreases at a relatively constant rate, while the benefits of dredging 3 and 5 million cubic yards 

decreases substantially after the first several years.  In addition, the figures show that the 

simulation results for dredging 1 million cubic yards per year has a higher uncertainty in estimating 

the sediment scouring reduced in regard to their water flow test cases, whereas the trend for 

dredging 3 million and 5 million cubic yards per year have a smaller degree of uncertainty in regard 

to their water flow rate test cases.1 

 

 

  

                                                           
1 This GMU 2014 results data can be found in Table 1 of Appendix A 
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Figure 17 GMU 2014 Model Regression Results 
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From the three water flow test cases for each of the dredging amount alternatives, the average and 

standard deviation was obtained.  The figures above shows the results of the average scouring 

reduction for each dredging amount along with error bars representing their respective standard 

deviations.  The figures show that the simulation data for dredging 1 million cubic yards per year 

has a higher degree of variation, whereas dredging 3 and 5 million cubic yards per year has similar 

scour reductions in regard to the water flow test cases.  A regression analysis was conducted and it 

was found that a linear regression best fits the 1 million cubic yards dredging alternative, and that a 

power regression line best fits the 3 and 5 million cubic yards dredging alternatives.  The R2 value 

for the 1, 3, and 5 million cubic yards dredging alternatives are:  0.75, 0.95, and 0.98 respectively, 

while the S values for the 3 and 5 million cubic yards dredging alternatives are:  0.35 and 0.40.  This 

provides validation that a linear and power curve fit are suitable models to fit the simulation data.2 

  

                                                           
2 This average and standard deviation of the simulation data can be found in Table 2 of Appendix A 
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9.1.3 Dredging Amount and Scour Reduction Percentage Analysis 

9.1.3.1 Scour Performance Curves; Annual  

After validating the regression models, the curve fits were extrapolated to 30 years for application 

to this particular study.  In addition, the 1, 3, and 5 million cubic yard dredging alternatives were 

termed as, ‘Nominal’, ‘Moderate’, and ‘Maximum’ respectively for this study.  The figure below 

shows the scour reduction percent each year for the nominal, moderate, and maximum dredging 

curves extrapolated to 30 years.3 

 

 

Figure 18 Scour Performance Curves (Annual Scour Reduction) 

 

9.1.3.2 Scour Performance Curves; Aggregated  

The purpose of the scour performance curves is to determine the total sediment scouring reduction 

that would result from dredging certain amounts from the Lower Susquehanna River Dams.  The 

figure below shows the aggregated scour reduction percentages for the Nominal, Moderate, and 

Maximum dredging amounts (from the annual Scour Performance Curves).   

 

                                                           
3 This annual scour curve data can be found in Table 3 of Appendix A. 
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Figure 19 Scour Performance Curves (Aggregated Scour Reduction) 

Initially, all dredging amounts in this study were to be simulated for a 30 year lifecycle each.  

However the results show that due to the trend of diminishing returns in regard to dredging, 

dredging for 30 years for each dredging amount is not performance effective and may lead to a 

greater cost with a minimal performance increase.  For example, maximum dredging for 30 and 25 

years leads to a slightly smaller scour reduction percentage compared to moderate dredging for 25 

and 30 years.  However maximum dredging for 20 years has a slightly greater scour reduction 

percentage than moderate dredging for 20 years.  Although the scour reduction percentages are 

only slightly different for these years, the resulting cost of the operation would be substantially less.  

Because of this, the dredging lifecycle of 30, 25, and 20 years were selected to be evaluated for the 

nominal, moderate, and maximum dredging amounts respectively. The table below provides the 

approximated values for the three dredging amounts at 30, 25, and 20 years.4 

 

Nominal, Moderate, and Maximum Dredging Amount Scour Reductions 

Years Nominal Dredging Moderate Dredging Maximum Dredging 

20 26.3% 36.7% 38.0% 

25 29.6% 40.7% 41.0% 

30 31.7% 44.3% 43.7% 

Table 7 20, 25, and 30 Year Dredging Amount Scour Reduction Percentages 

 

                                                           
4 The aggregated scour curve data can be found in Table 3 of Appendix A 
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9.1.3.3 Dredging Amounts and Scour Reductions for Conowingo, Holtwood, and Safe Harbor 

In order to derive dredging amount for the Conowingo, Holtwood, and Safe Harbor dams, an 

assumption was made that Lake Clarke and Lake Aldred (the reservoirs of the Safe Harbor and 

Holtwood Dams) have similar hydraulic and physical properties as the Conowingo Reservoir, and 

that the whole acts like its parts.  In other words, an assumption was made that if the combined 

total amount dredged from behind all three dams equals to 1, 3, or 5 million cubic yards, then this is 

the equivalent of dredging 1, 3, or 5 million cubic yards from just the Conowingo Dam.  From this 

assumption, dredging amounts for all three dams with the combined total of 1, 3, or 5 million cubic 

yards were derived.  The weights for deriving the dredging amounts were prorated from the 

capacity of the specific reservoir over the combined total capacity of all three reservoirs.  This 

resulted in the following weights:  0.63 for Conowingo, 0.05 for Holtwood, and 0.32 for Safe Harbor.  

These weights were then multiplied by 1, 3, or 5 million cubic yards each to derive dredging 

amounts for all three dams. In addition, these amounts were rounded to the nearest ten or 

hundredth thousand if necessary.   

 

The figure to the left shows the 

dredging amounts for the 

Conowingo, Holtwood, and Safe 

Harbor dams based on the 

proration mentioned above for 

30, 25 ,and 20 years.  Since the 

Conowingo has the largest 

capacity, it also resulted in the 

greatest dredging amount, 

followed by the Safe Harbor, while 

Holtwood has the least.   

 
Figure 20 Annual Dredging Amounts for Conowingo, Safe Harbor, Holtwood 
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The figure to the left shows the 

resulting scour reductions from 

the prorated dredging amounts 

for the Conowingo, Holtwood, and 

Safe Harbor dams.  The results 

indicate that the Conowingo Dam 

would result in the greatest scour 

reduction potential, followed by 

the Safe Harbor, while the 

Holtwood Dam has the least.  The 

results also indicate that the 

Holtwood Dam should not be 

dredged due to its low scour 

reduction potential (ranging from only 1.5 to 2% scour reduction potential). 

 

More details on the dredging amounts, scour reduction, and total amount dredged from each dam 

are shown in the tables below. 

 

Nominal Dredging Amount and Scour Reductions for Conowingo, Holtwood, and Safe 

Harbor Dams (30 years) 

Dam Exact 

Dredging 

Amount 

(annual) 

Rounded 

Dredging 

Amount 

(annual) 

Scour 

Reduction 

(percentage) 

Total Dredged 

from 

Reservoir 

(cubic yards) 

Total 

Dredged 

(% of 

Reservoir) 

Conowingo 630,000 cy 650,000 cy 20% 19.5 million cy 8% 

Holtwood 50,000 cy 50,000 cy 1.5% 1.5 million cy 8% 

Safe Harbor 320,000 cy 350,000 cy 10% 10.5 million cy 9% 

Total   1.05 million cy 31.5% 31.5 million cy  

 

 

 

 

 

Figure 21 Scour Reductions for Conowingo, Safe Harbor, and Holtwood 
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Moderate Dredging Amount and Scour Reductions for Conowingo, Holtwood, and Safe 

Harbor Dams (25 years) 

Dam Exact 

Dredging 

Amount 

(annual) 

Rounded 

Dredging 

Amount 

(annual) 

Scour 

Reduction 

(percentage) 

Total Dredged 

from Reservoir 

(cubic yards) 

Total 

Dredged 

(% of 

Reservoir) 

Conowingo 1.89 million cy 2 million cy 26% 50 million cy 20% 

Holtwood 150,000 cy 150,000 cy 2% 3.750 million cy 20% 

Safe Harbor 960,000 cy 1 million cy 13% 25 million cy 22% 

Total  3.15 million cy 41% 78.75 million cy  

 

Maximum Dredging Amount and Scour Reductions for Conowingo, Holtwood, and Safe 

Harbor Dams (20 years) 

Dam Exact 

Dredging 

Amount 

(annual) 

Rounded 

Dredging 

Amount 

(annual) 

Scour 

Reduction 

(percentage) 

Total Dredged 

from Reservoir 

(cubic yards) 

Total 

Dredged 

(% of 

Reservoir) 

Conowingo 3.15 million cy 3 million cy 24% 60 million cy 25% 

Holtwood 250,000 cy 250,000 cy 2% 5 million cy 26% 

Safe Harbor 1.6 million cy 2 million cy 12% 40 million cy 35% 

Total  5.25 million cy 38% 105 million cy  

Table 8 Detailed Dredging Amount and Scour Reductions for Conowingo, Safe Harbor, and Holtwood 

 

9.1.4 Assumptions and Considerations 

The Scour Performance Curves provide an approximate relationship between the dredging amount 

and percent of sediment scouring reduced.  However the regression analysis includes a number of 

assumptions which are outlined below: 

 

1. The Scour Performance Curves assume that the Holtwood and Safe Harbor dams have similar 

physical characteristics as the Conowingo Dam.  This assumption may be justified since all three 

dams belong to the same river, however a detailed hydraulic model would provide more precise 

estimates between the amount dredged and sediment scoured from each dam.  The HEC-RAS 

Hydrological Model developed by the US ACE was initially planned to be used, however due to time 
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and learning curve restraints, the model was not used.  A future study should use a detailed 

hydrological simulation or model. 

2. The GMU 2014 Hydraulic Model used a weighted average value to model the types of sediment in 

the Conowingo Reservoir.  This weighted average was:  72% silt, 20% sand, and 8% clay.  This 

weighted average value is carried into the results of the Scour Performance Curves.  In other words, 

the Scour Performance Curves assume that Lake Aldred and Lake Clarke have a similar weighted 

average in terms of the types of sediment deposited in the reservoir.  Figure 12 shows this is not the 

case. 

3. For interpreting the Scour Performance Curves, it was assumed that the more scouring that 

occurs from the reservoirs, the more harmful it is to the environment of the Upper Chesapeake Bay.  

However, there may be a threshold or point of no return in terms of the ecological impact of 

sediment scouring from the reservoirs.  A future study should incorporate a detailed ecological 

model to determine the effects of sediment scouring, and what dredging amount would result in the 

optimal ecological impact reduction. 

4. A critical assumption in the Scour Performance Curves is that the dams are treated as static 

entities.  In other words, if a reservoir is dredged and its sediment capacity is reduced, this may 

subsequently reduce the water velocity flow rate into the following reservoir, and therefore its 

resulting sediment scour.  This dynamic interaction between the dams may be considerable or 

negligible during major scouring events ranging from 400,000 to 1 million cubic feet per second 

(cfs).  The Scour Performance Curves assumes this interaction during major scouring events is 

negligible.  However, if it is considerable then a sediment removal and processing operation may 

only be needed at one of the dams which can act as a dynamic trap, thus reducing the resulting cost 

of the system significantly.  Due to the assumption that the dynamic interaction between the 

dams during major scouring events is negligible, a fluid system dynamics model was 

developed to determine if this assumption is validated or not. 
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9.2 Fluid System Dynamics Model 

 

The Scour Performance Curves treat the dams and their reservoirs as static entities.  In other 

words, removing sediment from one dam will not affect the water velocity flow rate and the 

resulting sediment scour that occurs in the following dam.  Although this assumption may not be 

true during steady-state flow, the question remains if this assumption is true during major scouring 

events.  When a major scouring event occurs, the flow rate and velocity associated with the water 

may be exponentially large such that the reservoir does not reduce this velocity to a considerable 

degree to stop scouring from occurring in the following reservoir, or it may reduce the velocity to a 

considerable degree such that it stops significant amounts of scouring from occurring.  If the 

reduction in scour is considerable during major scouring events, this may indicate that there is an 

optimal reservoir which can be used as a dynamic trap, in which case a sediment removal and 

processing operation may only be needed at one of the dams.  This will in turn reduce the resulting 

cost of the system significantly.  To examine this assumption, a fluid system dynamics model was 

used to determine the resulting sediment scour from various major scouring events when the 

Conowingo, Holtwood or Safe Harbor dams are dredged. 

 

9.2.1 Overview:  Hydraulic Tank Analogy 

The system dynamic model represents the three dams within the Lower Susquehanna River as a 

series of tanks.  Each tank receives a flow of water and a flow of sediment.  The sediment entering 

the tank is deposited if the velocity is less than the critical deposition velocity; otherwise it remains 

suspended and is transported through the tank.  Sediment that has been deposited will later scour if 

the velocity of the water is above the critical entrainment velocity. 

 

9.2.2 Model Formulation 

The concentration of sediment is calculated upstream of the Safe Harbor dam based upon a power 

regression of historical water and sediment data taken at the Marietta, Pennsylvania water station. 

This can be seen in (1) below, where Q represents the volumetric flow of water in cubic feet per 

second, and ρsediment represents the concentration of sediment within the flow [23]. 

 𝜌𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 = .0007 ∗ 𝑄.9996  (1) 

The sediment leaving a tank can be related to the sediment entering a tank by applying the 

conservation of mass.  The conservation of mass requires that the amount of mass, m, leaving the 
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control volume (cv) within a given timespan (t) is equal to the rate mass enters the control volume 

minus the amount of mass accumulating within the control volume over a given time period. 

 𝑑𝑚𝑜𝑢𝑡

𝑑𝑡
=

𝑑𝑚𝑖𝑛

𝑑𝑡
−

𝑑𝑚𝑐𝑣

𝑑𝑡
 

 (2) 

As represented in the figure below, the amount of mass within the control volume is the difference 

between the sediment deposited and the sediment entrained. This is shown in (3). 

 

Figure 22 Entrainment and Deposition within Reservoir 

 𝑑𝑚𝑐𝑣

𝑑𝑡
=

𝑑𝑚𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑑𝑡
−

𝑑𝑚𝑒𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑑

𝑑𝑡
 

 (3) 

The rate of sediment deposition is a function of the mass flow into the tank and the velocity of the 

flow (v).  The velocity of the flow is calculated by applying the continuity equation to the flow 

within a reservoir.  In (4), A represents the cross-sectional area of the reservoir. 

 𝑣 = 𝑄𝑖𝑛/𝐴  (4) 
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After determining the velocity, the behavior 

of entrained and deposited sediment is 

determined.  Studies suggest three regions 

for sedimentation and scouring based upon 

flow velocity and sediment size, shown in the 

figure to the right [57]. 

 

 

 

 

Re-suspension, transportation, and deposition may be represented by the following binary 

variables. 

 
𝑥1 = {

1, 𝑖𝑓 𝑣 − 𝑣𝑟𝑒𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 ≥ 0 

0, 𝑖𝑓 𝑣 − 𝑣𝑟𝑒𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 < 0
 

 (5) 

 
𝑥2 = {

1, 𝑖𝑓 𝑣𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 𝑣 ≥ 0 

0, 𝑖𝑓 𝑣𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 𝑣 < 0
 

(6) 

Because the forces associated with entrainment scale according to velocity squared, the amount of 

sediment entrained is assumed to be proportion to velocity squared.  Deposition, on the other hand, 

is assumed constant.  Hence:  

 𝑑𝑚𝑒𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑑

𝑑𝑡
= 𝑘1 ∗ 𝑥1 ∗ 𝑣2 

 (7) 

 𝑑𝑚𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑑𝑡
= 𝑘2 ∗ 𝑥2 

(8) 

Therefore, 

 𝑑𝑚𝑐𝑣

𝑑𝑡
= 𝑘2 ∗ 𝑥2 − 𝑘1 ∗ 𝑥1 ∗ 𝑣2 

 (9) 

 

 

Figure 23 Mean Stream Velocity vs. Particle Size [57] 
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Substituting the control volume mass rate relationships into the original mass balance equation 

yields  

 𝑑𝑚𝑜𝑢𝑡

𝑑𝑡
=

𝑑𝑚𝑖𝑛

𝑑𝑡
+ 𝑘1 ∗ 𝑥1 ∗ 𝑣2 − 𝑘2 ∗ 𝑥2 

 (10) 

In order to determine constants the entrainment and deposition parameters k1 and k2 the 

experimenters compared the simulated relationships between sediment entrained and volumetric 

flow rates.  A power regression was calculated on approximately two year’s sediment and river flow 

rates observed at the Conowingo Dam.  While simultaneously varying both parameters, a second 

power regression was calculated on simulated data of river flow rates.  The parameters were 

chosen from the curve of simulated data which most closely corresponded to the regression of 

historical data. 

 

9.2.3 Assumptions and Model Validation 

Three major assumptions were made within the model: 

1. Run-off between the Safe Harbor Dam and the Chesapeake Bay is considered negligible.  The 

Susquehanna River is over 400 miles long, and the amount of sediment and water entering the 

river in the last 30 mile stretch is presumably insignificant. 

2. The amount of sediment deposited or entrained between the Safe Harbor, Holtwood, and 

Conowingo Dam reservoirs is negligible when compared to the amount of sediment deposited 

or entrained within the reservoirs.   

3. Water flow is treated as a closed pipe rather than an open channel.  When flow rate increases, 

the velocity of the flow within an open channel does not increase as much as flow within a pipe 

because the water level will increase. 

In order to test these assumptions and validate the simulation, a separate two-year set of river flow 

rates was simulated and a power regression was again performed for the sediment concentration 

equation in order to determine the relationship between scouring and flow rates.   

Sediment Concentration Equation Validation 

𝑦 = 𝑎 ∗ 𝑥𝑏 Historical Simulated 

a 5.927e-06 1.321e-14   

b 1.82   1.832 

Table 9 Sediment Concentration Equation Validation 
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9.2.4 System Dynamics Model:  Scouring Event Test Cases 

After validating the simulation, scouring was simulated for 400,000, 700,000, and 1 million cubic 

feet per second peak scouring events.  The test cases for these scouring events are based off of 

historical water data for the Lower Susquehanna River from the USGS, and are shown in the figures 

below. 

 

 

 

Figure 24 Scouring Event Test Cases (400K, 700K, 1 mil. cubic feet per second) [28] 
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9.2.5 System Dynamics Model:  Scour Reduction Results 

The simulation was repeated for 10% incremental changes to the initial reservoir capacities for 

each scouring event test case.  Changing the initial reservoir capacity corresponds to the dredging 

operation occurring prior to the scouring event.  The amount of sediment scoured (or entrained) 

into the Upper Chesapeake Bay over these two to three week events was plotted against the total 

amount of sediment remaining within the reservoirs.   

 

 

 

Figure 25 Sediment Scoured (or Entrained) vs Reservoir Fill Capacity 
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The following figures show the same results except with the reservoir capacity axis normalized 

using the capacity of the specific reservoir over the combined total capacity of all three reservoirs. 

 
 

 
 

 
 

Figure 26 Sediment Scoured (or Entrained) vs Total Reservoir Fill Capacity (Normalized)  
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The scour reduction results indicate the following implications: 

1. Dredging all three dams would still result in the greatest scour reduction.   

2. When taking into account the dynamic interaction between the dams, the Conowingo Dam still 

results in the greatest scour reduction, followed by the Safe Harbor, while Holtwood has the least.  

This indicates that the dynamic interaction between the dams during major scouring events is 

negligible to the extent that dredging just one of the dams (i.e. the Holtwood or Safe Harbor dams) 

does not have a considerable impact to sediment scouring reduction compared to dredging multiple 

dams during major scouring events.   

3. The results also indicate that the Holtwood Dam results in low scour reductions and therefore it 

is not effective to dredge from behind the Holtwood Dam. 

4. Since dynamic interaction between the dams was shown to be negligible during major scouring 

events and dredging the Holtwood Dam results in low scour reductions, by implication the most 

effective scour reduction would result in dredging both the Conowingo and Safe Harbor dams. 

5. The Fluid System Dynamics Model results agree in general with the results and implications of 

the Scour Performance Curves. 

 

A linear regression was performed in order to derive prediction models for capacity scenarios 

ranging from 0 to 100 percent.  The results are summarized in the following table, where y is the 

total sediment scour into the Upper Chesapeake Bay, x is the filled capacity of the reservoir on a 0.0 

to 1.0 scale, m is the efficiency (or slope), and b is the sediment scour when the reservoir is empty 

(or y-intercept) in the equation:  𝑦 = 𝑚𝑥 + 𝑏. 

Fluid System Dynamics Model – Linear Regression of Results 

Scouring Event Dam M  B  R-Squared 

400,000 cfs 

All 110 million 1.1 million 1 

Conowingo 105 million 49 million 1 

Holtwood 112 million 100 million 0.9 

Safe Harbor 115 million 80 million 0.79 

700,000 cfs All 110 million 2.7 million 1 
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Conowingo 109 million 47 million 0.99 

Holtwood 130 million 95 million 0.98 

Safe Harbor 145 million 76 million 0.86 

1,000,000 cfs 

All 98 million 8.4 million 1 

Conowingo 102 million 48 million 1 

Holtwood 113 million 95 million 0.98 

Safe Harbor 103 million 74 million 0.94 

Figure 27 Linear Regression of Dredging and Scouring Performance 
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9.3 Processing Plant Lifecycle Cost Model 

 

The Processing Plant Lifecycle Cost Model is a Monte Carlo simulation used to determine the entire 

lifecycle costs of a sediment removal and processing system.  The inputs in general include:  the 

dredging amount, the costs, revenue, and other variables associated with the processing plant 

operation, the cost of the dredging operation, and the cost of land.  Using a series of cost, revenue, 

and production formulas, the model outputs a probabilistic estimate of the net present value for 

each dam and processing alternative. 

 

9.3.1 Lifecycle Cost Breakdown 

A full-scale lifecycle cost analysis was conducted which consisted of three steps:  (1) gathering 

baseline estimates for each of the lifecycle variables (2) processing the data taking into account 

inflation, energy costs, and economies of scale and (3) using probabilistic distributions to model the 

uncertainty associated with each variable.  Although the specific lifecycle costs vary for each dam 

and processing alternative, they can be generally categorized into three categories:  the cost and 

revenue of the processing plant operation, the cost of the dredging operation, and the cost of land.   

A general overview of these costs are given in the table below: 

  Lifecycle Cost Breakdown 

Variable Parameter Included Costs Distribution Type 

C plant: initial
 

Initial/Capital 

Investment Costs for 

the Processing Plant 

Design, Construction, 

Equipment, Materials, 

Installation, etc. 

Triangular 

Distribution:  +-15% 

from base estimate 

C plant: processing
 Net Processing Cost 

per Unit of Product 

Labor, Equipment, 

Utilities/Energy, Dewatering, 

Maintenance, Repair 

Triangular 

Distribution:  +-5% 

from fitted estimate 

C dredging
 

Net Dredging Cost 
Initial Setup Cost, Removal Cost, 

Transportation Cost 

Triangular 

Distribution:  based on 

low and high estimates 

C land
 Cost for Land Cost per Acre of Land 

Triangular 

Distribution:  based on 

low and high estimates 

R market prices
 

Product Market 

Prices 

Revenue Estimates of the 

Replacement Product 

Triangular 

Distribution:  70% to 

85% of the 

replacement product 

Table 10 Lifecycle Cost Breakdown 
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9.3.2 Cost Estimate Preprocessing and Modeling Distributions 

Baseline cost estimates were obtained for the lifecycle variables which were then extrapolated for 

each specific case, and then modeled using appropriate normal and triangular distributions.  The 

extrapolations from the baseline estimates and distributions will be discussed in more detail in the 

sections to follow.  This will include the following for the Plasma Vitrification and Cement-Lock 

processing plants:  the plant initial investment costs and land requirements for various plant 

capacities, the net processing cost and how it ranges for different energy prices, the sediment to 

product ratio or how much sediment one unit of slag or EcoMelt requires, and market revenue 

estimates for coal slag abrasives (a product that can be substituted by glass slag made by the 

Plasma Vitrification process) and Portland cement (EcoMelt is a 30 to 40 percent replacement for 

Portland cement made by the Cement-Lock process).  In addition, the initial investment and 

removal and transport cost for hydraulic and mechanical dredging and how it varies per the 

distance traveled, the land leasing costs, the quarry locations and tipping costs, and the interest rate 

calculation determined from the Yield Curve, will be discussed. 

 

The raw cost estimates for the Plasma Vitrification and Cement Lock plants are shown in Table 1, 

Table 2, and Table 3 of Appendix B.  It should also be noted that both of these cost estimates are 

‘proof of concept’ commercial estimates determined from pilot studies.  The pilot study for the 

Westinghouse Plasma Vitrification process was conducted in September 1999 for dredged 

sediment from the New York/New Jersey Harbor by Westinghouse Electric Company LLC and 

Westinghouse Plasma Corporation, and was sponsored by the US Environmental Protection Agency 

(EPA), US Army Corps of Engineers (US ACE), and the US Department of Energy Brookhaven 

National Laboratory (BNL) [59].  The pilot study for Cement-Lock technology was conducted in July 

2008 for the New York/New Jersey Harbor by ENDESCO Clean Harbors LLC for the New Jersey 

Department of Transportation Office of Maritime Resources and the U.S. Department of Energy 

Brookhaven Science Associates [58].  Westinghouse Plasma Corporation also operates a number of 

plants both in the United States and internationally that use the Plasma Vitrification process to 

convert a variety of waste streams such as municipal solid waste (MSW), electrical waste, tires and 

other feedstocks to produce syngas [61].  Westinghouse Plasma Corporation was contacted to 

determine if dredged sediment can also be used to product syngas, and it cannot since syngas 

requires a majority of organic compounds to be in the feedstock [62]. 
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9.3.2.1 Inflation Rate Calculation 

The raw cost estimates for the Plasma Vitrification and Cement-Lock processing plants need to be 

processed to match the cases for this particular study.  The first of these factors is taking into 

account the inflation percentage that has occurred since the pilot studies were conducted – 1999 

for the Plasma Vitrification estimates and 2007 for the Cement-Lock estimates.  In order to 

determine the inflation percentage to 2014 (the year used for this current study in all the cost 

estimates), the Consumer Price Index (CPI) published by the U.S. Department of Labor Bureau of 

Labor Statistics was used.   The Bureau of Labor Statistics defines CPI as, ‘a measure of the average 

change over time in the prices paid by urban consumers for a market basket of consumer goods and 

services’, while inflation is, ‘the overall general upward price movement of goods and services in an 

economy [64].’   

 

The following formula was used to calculate the interest rate using the CPI:  𝜋𝑖 = (
𝐶𝑃𝐼𝑦− 𝐶𝑃𝐼𝑥

𝐶𝑃𝐼𝑥
) ∗ 100  

where y = average CPI for current year, and x = average CPI for the past year.  For converting 1999 

and 2007 dollars to 2014 dollars, the interest rates are:  42.0% inflation from 1999 to 2014, and 

14.2% inflation from 2007 to 2014.  These inflation rates were used throughout the cost 

estimates on both pilot studies to convert the estimates to 2014 dollars.5 

 

9.3.2.2 Plant Initial Investment Cost and Land Requirement 

The first primary cost associated with the processing plant operation is the initial or capital 

investment cost.  Before using the raw cost estimates from the pilot studies, these estimates had to 

be processed for this particular study which involved the following:  accounting for inflation, 

extrapolating costs for various plant capacities, extrapolating land requirements for various plant 

capacities, and creating stochastic distributions for input into the lifecycle cost model.   

 

The cost estimates from the pilot studies both used a base case plant that can process 500,000 cubic 

yards per year6.  The base cost estimates for a plant that can process 500,000 cubic yards per year 

for each processing alternative after being accounted for inflation, along with the land 

requirements is listed in the table below: 

 

 

                                                           
5 Table 4 of Appendix B lists the CPI values for 1999, 2007, and 2014 
6 Listed in Tables 1 and 2 of Appendix B 
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Processing Plant Initial Investment Base Case (500,000 cy/year) Cost Estimates 

Processing 

Alternative 

Base Case Original 

Estimate 

Base Case After 

Inflation 

Land 

Requirement 

Plasma Vitrification $81,400,000 $115,668,130 12 acres  

Cement-Lock $88,100,420 $100,610,425 25 acres 

Table 11 Processing Plant Baseline Initial Investment Costs 

After accounting for inflation, the base cost estimates and land requirements need to be 

extrapolated for various plant capacities to model the various plant sizes that will be evaluated for 

placement at the Conowingo, Holtwood, and Safe Harbor dams.  Since only cost estimates for a 

500,000 cy per year plant were given from the pilot studies, a ‘worst case scenario’ based on a 

linear assumption was used to derive the costs and land requirements for plant capacities besides 

these.  In other words, if it costs $115,668,130 for the initial investment for the Plasma Vitrifcation 

plant that can process 500,000 cubic yards per year, then it was assumed that it will cost 

$231,336,258 for a Plasma Vitrification processing plant that can process 1 million cubic yards per 

year (twice the amount for twice the processing capacity). However it should be noted that plant 

capacities above 500,000 cy per year is a significantly large-scale processing plant operation 

above the already commercial estimate capacity level given from the pilot studies.  However, 

it was decided to proceed with estimates above the 500,000 cy per year commercial level since 

capacities above 500,000 cy per year were chosen to model ‘what if’ scenarios, and a precedent was 

given from the LSRWA study since this study evaluated dredging amounts of 1, 3, and 5 million 

cubic yards per year for a Lightweight Aggregate processing plant for the Conowingo Dam [66]. 
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Figure 28 Plasma Vitrification and Cement-Lock Initial Investment Extrapolations 

The figures above show a graphical output for the initial investment and land extrapolations for the 

processing alternatives from 50,000 cubic yards (cy) to 5 million cubic yards per year.  However, an 

exception to the linear extrapolation was that plant capacities below 250,000 cy per year were 

capped at the 250,000 cy per year plant initial investment costs and land requirements.  The full 

dataset for the initial investment and land extrapolations are listed in Tables 5 and 6 of Appendix B. 
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After the initial investment costs are extrapolated for various capacities, in order to account for 

uncertainty associated with using cost estimates of materials, installation, labor, etc. from the pilot 

studies initial investments, a stochastic triangular distribution was used.  A triangular distribution 

uses three parameters:  low, medium, and high (or the minimum, average, and the maximum).  For 

this study, the value of low was taken to be -15% of the extrapolated estimate, the medium value is 

the extrapolated estimate, and the high value is +15% of the extrapolated estimate.  Tables 7 and 8 

in Appendix B list the low, medium, and high values for the Plasma Vitrification and Cement-Lock 

initial investment costs.  

 

9.3.2.3 Energy and Net Processing Cost 

The net processing cost is the total cost required to process one ton of sediment into glass slag or 

EcoMelt product.  A similar procedure for processing the initial investment costs was performed for 

processing the raw net processing costs into costs particular for this study.  This included the 

following:  accounting for inflation, extrapolating the net processing cost specific to the energy 

requirements in the Maryland and Pennsylvania regions near the dams, and creating stochastic 

distributions for input into the lifecycle cost model based on market research of energy prices near 

the LSR dams.   The original net processing cost estimates derived from the pilot studies7, the base 

cost of processing without energy, the total processing cost including energy, along with the costs 

after inflation to 2014 dollars is shown in the tables below: 

 

Net Processing (per Ton of Sediment) Cost Estimate for Plasma Vitrification (1999 Dollars) 

Total Power 

Needed (kW) 

Cost of Power 

(cents per kW/h) 

Base Cost 

(without energy) 

Total Power 

Cost 

Total Processing 

Cost  

1480 0.00 $23.87 $0.00 $23.87 

1480 3.00 $23.87 $48.84 $72.71 

1480 4.00 $23.87 $65.12 $88.99 

1480 5.00 $23.87 $81.40 $105.27 

 

Net Processing (per Ton of Sediment) Cost Estimate for Plasma Vitrification (2014 Dollars) 

Total Power 

Needed (kW) 

Cost of Power 

(cents per kW/h) 

Base Cost 

(without energy) 

Total Power 

Cost 

Total Processing 

Cost  

1480 0.00 $33.92 $0.00 $33.92 

                                                           
7 Also listed in Tables 1 and 3 of Appendix B 
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1480 4.26 $33.92 $69.40 $103.32 

1480 5.68 $33.92 $92.53 $126.45 

1480 7.10 $33.92 $115.67 $149.59 

 

Net Processing (per Ton of Sediment) Cost Estimate for Cement Lock (1999 Dollars) 

Total Power 

Needed (million 

btu) 

Cost of Power ($ 

per million btu) 

Base Cost 

(without energy) 

Total Power 

Cost 

Total Processing 

Cost  

5.569 0.00 $30.56 $0.00 $30.56 

5.569 9.33 $30.56 $51.96 $82.52 

 

Net Processing (per Ton of Sediment) Cost Estimate for Cement Lock (2014 Dollars) 

Total Power 

Needed (million 

btu) 

Cost of Power ($ 

per million btu) 

Base Cost 

(without energy) 

Total Power 

Cost 

Total Processing 

Cost  

5.569 0.00 $43.43 $0.00 $43.43 

5.569 13.26 $43.43 $73.83 $117.26 

Table 12 Baseline Net Processing Cost Before and After Inflation 

After accounting for inflation, a linear regression was conducted to extrapolate the net processing 

cost for varying electricity and natural gas estimates.  The reason for performing this is because the 

energy requirement is the largest factor in determining the net processing cost per ton of sediment.  

For the Plasma Vitrification process, the electrical energy requirement represents 65 to 75% of the 

total net processing cost, while for Cement-Lock, the natural gas requirement represents 63% of 

the total net processing cost [1, 2].  A linear regression for the net processing data points in 2014 

dollars for the Plasma Vitrification process yielded the following equation for extrapolating to 

different electricity prices, with an R2 value equal to 1:  y = 16.291x + 33.919.  A linear regression 

for the net processing data points in 2014 dollars for the Cement-Lock process yielded the 

following equation for extrapolating to different natural gas prices, with an R2 value equal to 1:  y = 

5.5679x + 43.43.  Using the two regression equations, the price for processing one ton of sediment 

was derived for electrical costs ranging from 0.00 to 11.00 cents per kWh (for Plasma Vitrification), 

and for natural gas costs ranging from 0.00 to 11.00 dollars per million Btu (for Cement-Lock).  

Tables 9 and 10 in Appendix B lists the dataset for these parameters, and the figures below show 

the graphical output for this extrapolation.   
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Figure 29 Net Processing Cost Extrapolations 

After extrapolating the total processing cost per unit of energy, the next step was to conduct market 

research to determine an estimate of the electricity and natural gas prices in the areas near each of 

the LSR dams, and then create a stochastic distribution based on the market research conducted. 
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The graph to the left shows 

electricity estimates for areas near 

each of the LSR Dams.  For 

Conowingo, MD the minimum 

estimate is 8.37, the maximum is 

9.89, while the average is 9.29 

cents per kWh with a standard 

deviation of 0.41.  From these 

estimates, it was approximated 

that electricity would cost from 

9.00 to 10.00 cents per kWh for 

Conowingo, MD.  Holtwood and 

Conestoga, PA both had similar 

estimates for electricity with the minimum at 7.34, the maximum at 9.99, and the average around 

8.75 or 8.37 cents per kWh with a standard deviation of 0.71 and 0.84 respectively.  It was 

approximated that electricity for Holtwood and Conestoga, PA would range from 8.00 to 10.00 

cents per kWh.   

 

The graph to the left shows 

natural gas estimates for areas 

near each of the LSR dams.  For 

Conowingo, MD the minimum 

estimate is $4.69, the maximum 

estimate is $6.79, while the 

average is $5.73 per million Btu 

with a standard deviation of 0.55.  

It was approximated that natural 

gas for Conowingo, MD would 

range from $5 to $7 per million 

Btu.  Holtwood and Conestoga, PA 

both had similar estimates for 

natural gas with the minimum at 

$4.38, the maximum at $5.99, and the average around $5.24 or $5.28 per million Btu with a 
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standard deviation of 0.49 and 0.50 respectively.  It was approximated that natural gas for 

Holtwood and Conestoga, PA would range from $4 to $6 per million Btu.8 

 

Based on the above energy estimates, a triangular distribution was used to model low, medium, and 

high estimates for the net processing cost for the Conowingo, Holtwood, and Safe Harbor dams.  

From the fitted estimates for the net processing cost, a minus 5% and plus 5% was applied to the 

low and high estimates respectively to provide the final estimates of the net processing cost.  Due to 

the smaller degree of uncertainity associated with the net processing cost variable (since the 

baseline estimates were fitted to electricity and natural gas estimates in the Maryland and 

Pennsylvania regions which accounts for over 60% of the cost), only 5% tails were chosen for the 

triangular distribution (as opposed to 15% tails for the intial investment distribution).  A summary 

of the cost estimates are provided in the tables below: 

 

Net Processing Cost Distribution for Plasma Vitrification 

Dam Price of 

Electricity 

(cents per kWh) 

Net Processing 

Cost (Low) 

Net Processing 

Cost (Med) 

Net Processing 

Cost (High) 

Conowingo  9.00 to 10.00 $170 $187.50 $205 

Holtwood 8.00 to 10.00 $155 $180 $205 

Safe Harbor 8.00 to 10.00 $155 $180 $205 

 

Net Processing Cost Distribution for Cement-Lock 

Dam Price of Natural 

Gas ($ per 

million Btu) 

Net Processing 

Cost (Low) 

Net Processing 

Cost (Med) 

Net Processing 

Cost (High) 

Conowingo  $5.00 to $7.00 $70 $78.50 $87 

Holtwood $4.00 to $6.00 $62 $71 $80 

Safe Harbor $4.00 to $6.00 $62 $71 $80 

Table 13 Net Processing Cost Distributions for Plasma Vitrification and Cement-Lock 

 

 

 

                                                           
8 The electricity and natural gas estimates are provided in Tables 11 and 12 of Appendix B 
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9.3.2.4 Revenue Prices and Market Research 

Market research was conducted to determine how much one unit of glass slag and EcoMelt can be 

sold for.  This included obtaining revenue estimates of similar products in the Maryland and 

Pennsylvania region, taking the average of these estimates, and then creating a stochastic 

distribution based on meeting 70 to 85 percent of the similar product.   

 

The Plasma Vitrification process coverts dredged contaminated sediment into glass slag.  Glass slag 

can be sold as a replacement product for a number of products including glasphalt used in roadbed 

aggreagate, roofing granules, replacement glass cullet, coal slag, additive to brown bottle glass, filler 

material for bathtubs, E-glass for glass fiber production, and a subsitute for three mix glass used in 

architectural tile production [59].  Coal slag was chosen as the replacement product to compare 

with since market research indicated that it would result in the highest revenue, and because coal 

slag does not require additional processing external to the Plasma Vitrification process.  A summary 

of the various products and why coal slag was chosen is provided in the table below: 

 

Replacement Products for Glass Slag 

Product Subsitute  Suitability 

Glasphalt (used in roadbed aggregate) Low product value 

Roofing granules Requires controlling of both particle size and iron ratio 

Replacement Glass Cullet Market is limited due to the black color of the glass slag 

Coal Slag (used for sandblasting) Very similar to vitrified sediment, market is active in 

the MD/PA region and the U.S. 

Additive to brown bottle glass Unable to assess the market 

Filler material for bathtubs Market is limited due to the black color of the glass slag 

E-glass (for glass fiber production) Needs additional meticulous processing for suitability 

in glass fiber production 

Subsitute for talc and feldspar (used in 

architectural tile production) 

Market research indicated that talc and feldspar have 

lower revenue prices than coal slag 

Subsitute for three-mix glass (used in 

architectural tile production) 

High value product, however difficult to assess the 

market 

Table 14 Replacement Products for Glass Slag Evaluation [59] 

The pilot study by Westinghouse Plasma Corporation mentioned that talc and feldspar used in 

ceramic tile production can also be used as a replacment for glass slag produced from the Plasma 
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Vitrification process, and would result in a high revenue (pilot study was conducted in 1999).  

However, market research through contacting manufacturers and analyzing price indexes, 

indicated that both talc or feldspar have lower market prices than coal slag.   A summary is 

provided below, in which each estimate excludes the shipping cost [70, 71]. 

 

Talc Market Research 

Product  Source Average Market Price 

Mine-run Crude Talc USGS Mineral Database, 2013 $33 per ton 

Screened Crude Talc USGS Mineral Database, 2013 $50 to $70 per ton 

Milled Talc USGS Mineral Database, 2013 $163 per ton 

Talc  98 capacity, 200 mesh (used 
in architectural tile production) 

Major Manufactures $151 per ton 

 

Feldspar Market Research 

Product  Source Average Market Price 

Ceramic Grade Feldspar, 170 to 
200 mesh, sodium 

USGS Mineral Database, 2008 $66 to $83 per ton 

Ceramic Grade Feldspar, 200 
mesh, potassium 

USGS Mineral Database, 2008 $138 per ton 

Glass Grade Feldspar, 30 mesh, 
sodium 

USGS Mineral Database, 2008 $44 to $57 per ton 

Glass Grade Feldspar, 80 mesh, 
potassium 

USGS Mineral Database, 2008 $94 to $99 per ton 

Ceramic Grade Feldspar (#12 to 
#120) 

Major Manufactures $60 per ton 

Table 15 Talc and Feldspar Market Research [70, 71] 

The Cement-Lock process converts dredged sediment into a product trademarked as EcoMelt.  

EcoMelt can be used as a 30 to 40 percent replacement for Portland Cement, which is used as a feed 

material in concrete production [58].   
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The figure to the left shows coal slag 

estimates for the three major coal 

slag manufacturers in the Maryland 

and Pennsylvania region.  Due to 

sensitivity of this data, the exact 

company name and location is not 

disclosed.  The average price of coal 

slag in the Maryland and 

Pennsylvania region is $203 per ton, 

while the minimum is $190, and the 

maximum is $217.50. 

 
  

The figure to the left shows Portland 

Cement estimates for the four major 

Portland Cement manufacturers in 

the Maryland and Pennsylvania 

region.  Due to sensitivity of this 

data, the exact company name and 

location is not disclosed.  The 

average price of Portland Cement in 

the Maryland and Pennsylvania 

region is $107.50 per ton, while the 

minimum is $95, and the maximum 

is $120. 

 

Based on the above market research conducted, a triangular distribution was used with 70 percent 

of the average selling price for each product as the low estimate, and 85 percent of the average 

selling price for each product as the high estimate.  These values were chosen since the economic 

evaluation conducted by the Gas Technology Institute approximated that EcoMelt can be sold for 80 

percent of the average market price of Portland Cement [58].  Glass slag is also very similar to coal 

slag, and may compete similarly like EcoMelt.  A summary is provided in the table below910 

                                                           
9 Extrapolations for other percent ranges is provided in Table 13 of Appendix B 
10 The authors may be contacted for more information regarding the market research conducted 

$180

$185

$190

$195

$200

$205

$210

$215

$220

1 2 3 4 5

P
ri

ce
 (

p
e

r 
to

n
)

Coal Slag Estimate

Coal Slag Market Research (MD/PA)

$85

$90

$95

$100

$105

$110

$115

$120

$125

1 2 3 4

P
ri

ce
 (

p
e

r 
to

n
)

Portland Cement Estimate

Portland Cement Market Research (MD/PA) 

Figure 32 Coal Slag Market Research 

Figure 33 Portland Cement Market Research 



97 
 

Market Revenue Distributions 

Product Replacement 

Product 

Revenue 

Estimate (Low) 

Revenue 

Estimate (Med) 

Revenue 

Estimate (High) 

Glass Slag Coal Slag $140 $155 $170 

EcoMelt Portland Cement $75 $83 $90 

Table 16 Market Revenue Distributions for Plasma Vitrification and Cement-Lock 

 

9.3.2.5 Sediment to Product Ratio 

The sediment to product ratio is the amount of sediment that is required to make one unit of 

product – glass slag or EcoMelt.  This will be used in the lifecycle cost model to determine how 

much product can be produced from various amounts of dredged sediment.  The sediment to 

product ratios for glass slag and EcoMelt derived from the pilot studies are shown in the table 

below: 

 

Sediment to Product Ratio Estimates 

Product Tons of Product Produced from Sediment Sediment to Product Ratio 

Glass Slag 508,000 tons of sediment may produce 216,000 

tons of glass slag (commercial estimate) 

2.4 tons of sediment makes 

one ton of glass slag 

Glass Slag 508,000 tons of sediment may produce 183,000 

tons of glass slag 

2.8 tons of sediment makes 

one tons of glass slag 

EcoMelt 5 tons of sediment produced 3.3 tons of EcoMelt 

(confirmation test) 

1.5 tons of sediment makes 

one ton of EcoMelt 

EcoMelt 32 tons of sediment produced 27 tons of 

EcoMelt (demonstration plant) 

1.2 tons of sediment makes 

one ton of EcoMelt 

EcoMelt 1582 tons of sediment may produced 822 tons 

of EcoMelt (commercial estimate) 

1.9 tons of sediment makes 

one ton of EcoMelt 

Table 17 Sediment to Product Ratios for Plasma Vitrification and Cement-Lock [58, 59, 60] 

The sediment to product ratios vary slightly for each pilot test conducted since dredged sediment 

can have small amounts of sticks, leaves, and various artificial debris which needs to be removed 

from the raw sediment before being processed [60].  In order to account for this uncertainty, the 

sediment to product ratio was modeled as a normal distribution with the average and standard 

deviation of the sediment to product ratio estimates mentioned above.  The table below lists the 

parameters for the distribution to be used for the processing alternatives. 
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Sediment to Product Ratio Distribution 

Product Sediment to Product Ratio:  Average Standard Deviation 

Glass Slag 2.5 tons of sediment makes one ton of 

glass slag 

0.30 tons of sediment  

EcoMelt 1.5 tons of sediment makes one ton of 

EcoMelt 

0.37 tons of sediment  

Table 18 Sediment to Product Ratio Distributions for Plasma Vitrification and Cement-Lock 

 

9.3.2.6 Dredging Initial Investment and Removal/Transport Cost 

Market research was initially conducted in order to determine the complete cost of a hydraulic 

dredging operation to remove and transport sediment from the reservoirs of the LSR Dams to a 

processing plant.  The market research was unsuccessful, however dredging estimates were 

obtained from those used in the LSRWA study by the US Army Corps of Engineers (US ACE).  

However, these estimates are more accurate since dredging estimates are specific to the location, 

types of sediment that would be dredged, and type of dredge used.  The LSRWA study includes 

dredging estimates specifically for the Conowingo Dam (the sediment content for the area to be 

dredged in the Holtwood and Safe Harbor dams is roughly similar and was therefore assumed to be 

equivalent).  In addition, the LSRWA study included low and high estimates, and therefore the 

estimates were suitable for creating a triangular distribution to be used in the lifecycle cost model 

[66].11 

 

The LSRWA study included a number of dredging options for both hydraulic and mechanical 

dredging from the Conowingo Dam.  Dredging Alternative 3A for hydraulically dredging 1 million, 3 

million, and 5 million cubic yard per year was used as the basis, while a few parameters were 

varied to meet the requirements of this particular study.  In addition, the removal and transport 

cost per mile traveled was also extrapolated from the LSRWA dredging estimates.   

 

The figures below show the extrapolations for the initial investment and net removal and transport 

cost per ton from 0 to 15 miles traveled. Based on these estimates, a triangular distribution was 

used in which the low and high bids represented the minimum and maximum values of the 

                                                           
11 Dredging companies initially contacted are provided in Table 14 of Appendix B 
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distribution.12  Since the distance depends on the approximate site of the processing plant, the 

transport distance used for each dam is discussed in the next section. 

 

 

 

Figure 34 Dredging Initial Investment and Removal/Transport Extrapolations (Hydraulic Dredging) 

 

9.3.2.7 Potential Plant Sites and Land Costs 

The final cost estimate in determing the entire lifecycle costs of a dredging and processing plant 

operation are the land costs.  This included finding a location to build a processing plant near each 

                                                           
12 These extrapolations are provided in Tables 15 and 16 of Appendix B 
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of the LSR dams, finding the cost per acre of land, and finding how much distance is between the 

dredging operation and the potential site of the processing plant.   

 

A survey of potential processing plant sites was conducted for areas near the Conowingo, 

Holtwood, and Safe Harbor dams.  However due to limitations of the study, the legal aspects of 

obtaining the land and leasing rights were not considered.  If the processing plant decides to be 

implemented, a detailed survey of the land may be conducted by the stakeholders interested. The 

table below provides a summary of the potential sites in which a processing plant can be built for 

each of the LSR Dams.13 

 

Potential Processing Plant Sites for the LSR Dams 

Dam Address Coordinates Description Size 

(acres) 

Distance 

from 

Dam 

Acquirability 

Conowingo 

Dam 

2535 Silver Road, 

Darlington MD 

39.640744,  

-76.171237 

Farmland 184 3 miles High 

Holtwood 

Dam 

162 Pinnacle 

Road W, 

Holtwood PA 

39.846517,  

-76.331813 

Farmland 

and some 

forest 

200 3 miles High 

Safe Harbor 

Dam 

Chanceford, PA 39.915838,  

-76.419359 

Forest next 

to farmland 

285 2 miles High 

Table 19 Potential Processing Plant Sites Near the LSR Dams 

  

                                                           
13 Table 17 in Appendix B includes additional processing sites that were initially considered  
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A map for each of the potential sites for a processing plant is provided below: 

 

 

 

  

Figure 35 Conowingo Processing Site 

Figure 36 Holtwood Processing Site 

Figure 37 Safe Harbor Processing Site 
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After locating potential sites to build the processing plant, a survey of the land cost per acre was 

conducted for the areas near each of the dams.   

 

The graph to the left shows the 

land cost per acre near each of 

the LSR Dams, where Darlington, 

MD is estimated for the 

Conowingo Dam, Conestoga, PA 

is estimated for the Safe Harbor 

Dam, and Holtwood/Airville, PA 

is estimated for the Holtwood 

Dam.  For Darlington, MD is land 

cost per acre ranges from 

$15,000 to $43,000, while the 

average is $29,000.  For 

Conestoga, PA the land cost per 

acre ranges from $13,000 to $43,000, while the average is $26,000, and for Holtwood/Airville, PA 

the land cost per acre ranged from $12,000 to $50,000 while the average is $24,000.  Based on 

these estimates, a triangular distribution was used with the parameters being the minimum and 

maximum values for the land costs near each of the LSR Dams.  The parameters for the triangular 

distribution is provided in the table below:14 

 

Land Cost Distributions 

Dam Approximate Area Land Estimate 

(Low) 

Land Estimate 

(Med) 

Land Estimate 

(High) 

Conowingo Darlington, MD $15,000 $29,000 $43,000 

Safe Harbor Conestoga, PA $13,000 $28,000 $43,000 

Holtwood Holtwood/Airville, PA $12,000 $31,000 $50,000 

Table 20 Land Cost Distributions for the LSR Dams 

The cost of the dredging operation depends on the distance from the area dredged in the reservoir 

to the processing plant site.  In order to find this distance, bathymetry studies from the USGS were 

used to find the maximum distance that would be dredged from each reservoir to the processing 

                                                           
14 Table 19 in Appendix B lists the data for the land market research conducted 
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plant sites mentioned prior.  The figures below show the distance of the maximum amount to be 

dredged (from the Scour Performance Curves) for each of the LSR Dams based on 2008 bathymetry 

profiles conducted by the USGS, and lists the distance to the processing plant site: 

 

Figure 39 Conowingo Dam Dredging Location 
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Figure 40 Safe Harbor Dam Dredging Location 
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Figure 41 Holtwood Dam Dredging Location 
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From these distances, the dredging initial investment and removal/transport cost was calculated 

for each of the dams from which a triangular distribution was used based on the low and high bids.  

A summary is provided in the tables below:15 

 

Dredging Initial Investment Cost Distributions 

Dam Dredging Amount Distance to 

Processing 

Plant Site 

Capital 

Estimate 

(Low) 

Capital 

Estimate 

(Med) 

Capital 

Estimate 

(High) 

Conowingo Nominal 8 miles $6.5 million $8.5 million $10.5 million 

Conowingo Moderate 8 miles $10.75 mil. $13.25 mil. $15.75 mil. 

Conowingo Maximum 8 miles $15 million $18 million $21 million 

Holtwood Nom., Mod. and Max. 7 miles $6.2 million $8.25 mil. $10.3 million 

Safe Harbor Nominal and Moderate 5 miles $5.7 million $7.7 million $9.7 million 

Safe Harbor Maximum 5 miles $9 million $11.4 mil. $13.85 mil. 

 

Dredging Removal and Transport Cost Distribution 

Dam Distance to 

Processing Plant 

Site 

Estimate per 

Ton (Low) 

Estimate per 

Ton (Med) 

Estimate per Ton 

(High) 

Conowingo 8 miles $20 $24 $27 

Holtwood 7 miles $19 $23 $26 

Safe Harbor 5 miles $17 $20 $23 

Table 21 Dredging Initial Investment and Removal/Transport Cost Distributions 

 

9.3.2.8 Quarry/Landfill Locations and Costs 

The quarry/landfill alternative serves as the control for this study.  It is essentially removing the 

dredged sediment and placing it in a deposit site.  Although this alternative may cost less than the 

processing alternatives, there is no decontamination that takes place and hence there is a risk of 

potential environmental degradation in the future.  The table below lists the quarry locations near 

each of the dams along with their capacity levels, tipping fees, and distance from the relevant dam 

[67]. 

 

                                                           
15 The dredging initial investment varies for each dredging amount due to the capacity and number of hydraulic 
pipelines that need to be installed 
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Relevant 
Dam 

Quarry/Landfill 
Name 

Location 
Tipping 

Fee 
Capacity Distance 

Conowingo Stancil Quarry 
499 Mountain Hill 
Rd, Perryville, MD 
21903 

$4/cy 
9 Million 

Cubic Yards 
13 miles 

Conowingo 
Mason Dixon 

Quarry (Belvedere 
Plant) 

1079 Belvidere Rd., 
Port Deposit, MD 
21904 

$13/cy 
35 Million 

Cubic Yards 
11 miles 

Conowingo 
Mason Dixon 

Quarry (Perryville 
Plant) 

4080 Pulaski 
Highway, Perryville 
MD 21903 

$13/cy 
21.4 Million 
Cubic Yards 

13 miles 

Conowingo 
Mason Dixon 
Quarry (Cecil 

Plant) 

340 Perrylawn Dr., 
Port Deposit MD 
21904 

$13/cy Unknown 10 miles 

Holtwood 
Republic Materials 

Landfill 4400 Mt Pisgah Rd, 
York, PA 17406 

$37/cy 
10 Million 

Cubic Yards 
26 miles 

Safe Harbor Rohrer's Quarry 70 Lititz Rd, Lititz, 
PA 17543 

$15/cy 
5 Million 

Cubic Yards 
19 miles 

Safe Harbor 
Republic Materials 

Landfill 4400 Mt Pisgah Rd, 
York, PA 17406 

$37/cy 
10 Million 

Cubic Yards 
20 miles 

Safe Harbor 
Penn/MD 

Materials Quarry 

303 Quarry Road 
Peach Bottom, PA 
17563 

$15/cy 
9 Million 

Cubic Yards 
24 miles 

Table 22 Quarry/Landfill Sites, Capacities, and Tipping Fees 

In order to transport the sediment to the landfill site, mechanical dredging instead of hydraulic 

dredging was used due to the long distance that would need to be traveled.  Dredging Alternative 

3B for mechanically dredging 1 million, 3 million, and 5 million cubic yard per year was used as the 

basis from the US ACE Lower Susquehanan River Watershed Assesment dredging estimates, while a 

few parameters were varied to meet the requirements of this particular study.  In addition, the 

removal and transport cost per mile traveled was also extrapolated from the LSRWA dredging 

estimates.   

 

The figures below show the extrapolations for the initial investment and net removal and transport 

cost per ton from 0 to 30 miles traveled for mechanical dredging. Based on these estimates, a 

triangular distribution was used in which the low and high bids represented the minimum and 
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maximum values of the distribution.  It should be noted that the removal and transport cost for 

mechanical dredging is substantially more compared to hydraulic dredging, while the initial 

investment cost for mechanical dredging is less compared to hydraulic dredging.16 

 

 

 

 

Figure 42 Dredging Initial Investment and Removal/Transport Cost Extrapolations (Mechanical Dredging) 

 

 

                                                           
16 Tables 20 and 21 in Appendix B provide the data for the extrapolations for the mechanical dredging initial 
investment and removal/transport cost 
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9.3.2.9 Interest Rates:  The Yield Curve 

In order to approximate the interest rate, the AAA Municipal Yield Curve was used.  The Municipal 

Yield Curve was used since it represents the yields of municipal bonds (bonds issued by state or 

local governments) against their maturity dates, and the sediment removal and processing system 

if implemented, would be assumed to be funded by a state or multi-state government bond [68].   

 

The figure to the right shows the 

maximum yield percentages for 

bonds with maturity dates ranging 

from 1 to 30 years, 12 months from 

2014 to 2015.  Maximum yield 

percentages were used instead of 

the daily yield percentages from 

2014 to 2015, since the daily yield 

percentages were not obtainable to 

process [69].  

 

 

From these values, a normal 

distribution with the average and 

standard deviation of the 20, 25, 

and 30 year bond maturity dates 

was used for the nominal, 

moderate, and maximum dredging 

processing plants respectively.  

This is shown in the figure to the 

left. 17 

 

 

 

 

 

                                                           
17 Data for the Yield Curve maximum and average values is provided in Table 22 of Appendix B 
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9.3.3 Lifecycle Cost Model:  Design of Experiment and Test Cases 

The design of experiment for the lifecycle cost model is shown in the table below.  In total, the 

lifecycle cost model consists of 27 unique test cases (9 for each dam), which includes three dredging 

amounts (nominal, moderate, and maximum) along with three design alternatives (Plasma 

Vitrification, Cement-Lock, and Quarry/Landfill) for each of the LSR Dams.  The model output is a 

probabilistic estimate of the net present value for each test case. 

 

Alternatives Output (Dam, Process, Dredging Amount) 

Dam Process 
Dredging 
Quantity 

Probabilistic Net Present Value for each Dam, 
Processing, and Dredging Amount Combination 
(Average, 95% CI) 

C
o

n
o

w
in

go
 

Plasma 
Vitrification 

Nominal Conowingo, Plasma Vitrification, Nominal 

Moderate Conowingo, Plasma Vitrification, Moderate 

Maximum Conowingo, Plasma Vitrification, Maximum 

Cement Lock 

Nominal Conowingo, Cement-Lock, Nominal 

Moderate Conowingo, Cement-Lock, Moderate 

Maximum Conowingo, Cement-Lock, Maximum 

Quarry/Landfill 

Nominal Conowingo, Quarry/Landfill, Nominal 

Moderate Conowingo, Quarry/Landfill, Moderate 

Maximum Conowingo, Quarry/Landfill, Maximum 

H
o

lt
w

o
o

d
 

Plasma 
Vitrification 

Nominal Holtwood, Plasma Vitrification, Nominal 

Moderate Holtwood, Plasma Vitrification, Moderate 

Maximum Holtwood, Plasma Vitrification, Maximum 

Cement Lock 

Nominal Holtwood, Cement-Lock, Nominal 

Moderate Holtwood, Cement-Lock, Moderate 

Maximum Holtwood, Cement-Lock, Maximum 

Quarry/Landfill 

Nominal Holtwood, Quarry/Landfill, Nominal 

Moderate Holtwood, Quarry/Landfill, Moderate 

Maximum Holtwood, Quarry/Landfill, Maximum 

Sa
fe

 H
ar

b
o

r 

Plasma 
Vitrification 

Nominal Safe Harbor, Plasma Vitrification, Nominal 

Moderate Safe Harbor, Plasma Vitrification, Moderate 

Maximum Safe Harbor, Plasma Vitrification, Maximum 

Cement Lock 

Nominal Safe Harbor, Cement-Lock, Nominal 

Moderate Safe Harbor, Cement-Lock, Moderate 

Maximum Safe Harbor, Cement-Lock, Maximum 

Quarry/Landfill 

Nominal Safe Harbor, Quarry/Landfill, Nominal 

Moderate Safe Harbor, Quarry/Landfill, Moderate 

Maximum Safe Harbor, Quarry/Landfill, Maximum 

Table 23 Lifecycle Cost Model: Design of Experiment 
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The tables below detail the model input for each of the test cases used for the initial results of the 

lifecycle cost model.  Each cost parameter was obtained from the cost processing and modeling 

distributions mentioned in section 9.3.2. 

 

Conowingo Dam 

Test Case 1:  Nominal Dredging 

Product:  Plasma Vitrification 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 650,000 cy (526,500 tons) 526,500 tons 
Initial Plant Investment 
Cost 

700,000 cy annual 
processing plant 

Triangular:  (138,000,000 - 
162,000,000 - 186,000,000) 

Net Processing Cost 9 to 10 cents per kWh Triangular:  (170, 187.50, 205) 
Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (6,500,000 - 8,500,000 - 
10,500,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
700,000 cy annual 
processing plant 17 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (3.30, 0.23) 

   

Test Case 2:  Moderate Dredging 

Product:  Plasma Vitrification 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 1,620,000 tons 

Initial Plant Investment 
Cost 

2,100,000 cy annual 
processing plant 

Triangular:  (413,000,000 - 
486,000,000 - 559,000,000) 

Net Processing Cost 9 to 10 cents per kWh Triangular:  (170, 187.50, 205) 
Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (10,750,000 - 13,250,000 - 
15,750,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 
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Area of Land Needed 
2,100,000 cy annual 
processing plant 50 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Moderate Dredging 25 years 

Interest Rate 25 years; yield curve Normal (3.04, 0.20) 

   

Test Case 3:  Maximum Dredging 

Product:  Plasma Vitrification 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
3,000,000 cy (2,430,000 
tons) 2,430,000 tons 

Initial Plant Investment 
Cost 

3,100,000 cy annual 
processing plant 

Triangular:  (610,000,000 - 
717,000,000 - 825,000,000) 

Net Processing Cost 9 to 10 cents per kWh Triangular:  (170, 187.50, 205) 
Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (15,000,000 - 18,000,000 - 
21,000,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
3,100,000 cy annual 
processing plant 75 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Maximum Dredging 20 years 

Interest Rate 20 years; yield curve Normal (2.80, 0.18) 

   

Test Case 4:  Nominal Dredging 

Product:  Cement-Lock 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 650,000 cy (526,500 tons) 526,500 tons 
Initial Plant Investment 
Cost 

700,000 cy annual 
processing plant 

Triangular:  (120,000,000 - 
141,000,000 - 162,000,000) 

Net Processing Cost 
5.00 to 7.00 dollars per 
million Btu Triangular:  (70, 78.50, 87) 

Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (6,500,000 - 8,500,000 - 
10,500,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 
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Area of Land Needed 
700,000 cy annual 
processing plant 35 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (3.30, 0.23) 

   

Test Case 5:  Moderate Dredging 

Product:  Cement-Lock 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 1,620,000 tons 

Initial Plant Investment 
Cost 

2,100,000 cy annual 
processing plant 

Triangular:  (360,000,000 - 
423,000,000 - 486,000,000) 

Net Processing Cost 
5.00 to 7.00 dollars per 
million Btu Triangular:  (70, 78.50, 87) 

Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (10,750,000 - 13,250,000 - 
15,750,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
2,100,000 cy annual 
processing plant 105 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Moderate Dredging 25 years 

Interest Rate 25 years; yield curve Normal (3.04, 0.20) 

   

Test Case 6:  Maximum Dredging 

Product:  Cement-Lock 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
3,000,000 cy (2,430,000 
tons) 2,430,000 tons 

Initial Plant Investment 
Cost 

3,100,000 cy annual 
processing plant 

Triangular:  (530,000,000 - 
624,000,000 - 717,000,000) 

Net Processing Cost 
5.00 to 7.00 dollars per 
million Btu Triangular:  (70, 78.50, 87) 

Dredging Initial 
Investment Cost Max distance of 8 miles 

Triangular: (15,000,000 - 18,000,000 - 
21,000,000) 

Dredging 
Removal/Transport Cost Max distance of 8 miles Triangular (20, 24, 27) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 
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Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
3,100,000 cy annual 
processing plant 150 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (15,000 - 29,000 - 43,000) 

Plant Lifecycle Maximum Dredging 20 years 

Interest Rate 20 years; yield curve Normal (2.80, 0.18) 
 

Holtwood Dam 

Test Case 1:  Nominal Dredging 
Product:  Plasma Vitrification 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 50,000 cy (40,500 tons) 40,500 tons 
Initial Plant Investment 
Cost 

51,000 cy annual processing 
plant 

Triangular:  (50,000,000 - 58,000,000 - 
67,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
51,000 cy annual processing 
plant 6 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (3.30, 0.23) 
   
Test Case 2:  Moderate Dredging 

Product:  Plasma Vitrification 
Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 150,000 cy (121,500 tons) 121,500 tons 
Initial Plant Investment 
Cost 

151,000 cy annual 
processing plant 

Triangular:  (50,000,000 - 58,000,000 - 
67,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
151,000 cy annual 
processing plant 6 acres 
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Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Moderate Dredging 25 years 
Interest Rate 25 years; yield curve Normal (3.04, 0.20) 
   
Test Case 3:  Maximum Dredging 

Product:  Plasma Vitrification 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 250,000 cy (202,500 tons) 202,500 tons 
Initial Plant Investment 
Cost 

251,000 cy annual 
processing plant 

Triangular:  (50,000,000 - 58,000,000 - 
67,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
251,000 cy annual 
processing plant 6 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Maximum Dredging 20 years 
Interest Rate 20 years; yield curve Normal (2.80, 0.18) 
   

Test Case 4:  Nominal Dredging 

Product:  Cement-Lock 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 50,000 cy (40,500 tons) 40,500 tons 
Initial Plant Investment 
Cost 

51,000 cy annual processing 
plant 

Triangular:  (43,000,000 - 50,000,000 - 
58,000,000) 

Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
51,000 cy annual processing 
plant 12.5 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Nominal Dredging 30 years 
Interest Rate 30 years; yield curve Normal (3.30, 0.23) 
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Test Case 5:  Moderate Dredging 

Product:  Cement-Lock 

Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 150,000 cy (121,500 tons) 121,500 tons 
Initial Plant Investment 
Cost 

151,000 cy annual 
processing plant 

Triangular:  (43,000,000 - 50,000,000 - 
58,000,000) 

Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
151,000 cy annual 
processing plant 12.5 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Moderate Dredging 25 years 
Interest Rate 25 years; yield curve Normal (3.04, 0.20) 

   
Test Case 6:  Maximum Dredging 

Product:  Cement-Lock 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 250,000 cy (202,500 tons) 202,500 tons 
Initial Plant Investment 
Cost 

251,000 cy annual 
processing plant 

Triangular:  (43,000,000 - 50,000,000 - 
58,000,000) 

Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial Investment 
Cost Max distance of 7 miles 

Triangular: (6,200,000 - 8,243,000 - 
10,285,000 

Dredging 
Removal/Transport Cost Max distance of 7 miles Triangular (19, 23, 26) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio Normal distribution of ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
251,000 cy annual 
processing plant 12.5 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (12,000 - 31,000 - 50,000) 

Plant Lifecycle Maximum Dredging 20 years 
Interest Rate 20 years; yield curve Normal (2.80, 0.18) 

 

Safe Harbor Dam 
Test Case 1:  Nominal Dredging 
Product:  Plasma Vitrification 



117 
 

Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 350,000 cy (283,500 tons) 283,500 tons 
Initial Plant Investment 
Cost 

351,000 cy annual 
processing plant 

Triangular:  (70,000,000 - 81,000,000 - 
93,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (5,700,000 - 7,700,000 - 
9,700,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
351,000 cy annual 
processing plant 9 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Nominal Dredging 30 years 
Interest Rate 30 years; yield curve Normal (3.30, 0.23) 
   
Test Case 2:  Moderate Dredging 
Product:  Plasma Vitrification 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 1,000,000 cy (810,000 tons) 810,000 tons 
Initial Plant Investment 
Cost 

1,100,000 cy annual 
processing plant 

Triangular:  (216,000,000 - 
255,000,000 - 293,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (5,700,000 - 7,700,000 - 
9,700,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
1,100,000 cy annual 
processing plant 27 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Moderate Dredging 25 years 
Interest Rate 25 years; yield curve Normal (3.04, 0.20) 
   
Test Case 3:  Maximum Dredging 
Product:  Plasma Vitrification 
Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 1,620,000 tons 
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Initial Plant Investment 
Cost 

2,100,000 cy annual 
processing plant 

Triangular:  (413,000,000 - 
486,000,000 - 559,000,000) 

Net Processing Cost 8 to 10 cents per kWh Triangular:  (155, 180, 205) 
Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (8,995,000 - 11,430,500 - 
13,866,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (140, 155, 170) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (2.56, 0.300) 

Area of Land Needed 
2,100,000 cy annual 
processing plant 50 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Maximum Dredging 20 years 
Interest Rate 20 years; yield curve Normal (2.80, 0.18) 
   
Test Case 4:  Nominal Dredging 
Product:  Cement-Lock 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 350,000 cy (283,500 tons) 283,500 tons 
Initial Plant Investment 
Cost 

351,000 cy annual 
processing plant 

Triangular:  (60,000,000 - 70,500,000 - 
81,000,000) 

Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (5,700,000 - 7,700,000 - 
9,700,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
351,000 cy annual 
processing plant 18 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Nominal Dredging 30 years 
Interest Rate 30 years; yield curve Normal (3.30, 0.23) 
   
Test Case 5:  Moderate Dredging 
Product:  Cement-Lock 
Input Distribution Parameter Distribution/Value 
Dredging Amount (annual) 1,000,000 cy (810,000 tons) 810,000 tons 
Initial Plant Investment 
Cost 

1,100,000 cy annual 
processing plant 

Triangular:  (188,000,000 - 
221,000,000 - 255,000,000) 
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Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (5,700,000 - 7,700,000 - 
9,700,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
1,100,000 cy annual 
processing plant 55 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Moderate Dredging 25 years 
Interest Rate 25 years; yield curve Normal (3.04, 0.20) 
   
Test Case 6:  Maximum Dredging 
Product:  Cement-Lock 
Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 1,620,000 tons 

Initial Plant Investment 
Cost 

2,100,000 cy annual 
processing plant 

Triangular:  (360,000,000 - 
423,000,000 - 486,000,000) 

Net Processing Cost 
4.00 to 6.00 dollars per 
million Btu Triangular:  (62, 71, 80) 

Dredging Initial 
Investment Cost Max distance of 5 miles 

Triangular: (8,995,000 - 11,430,500 - 
13,866,000) 

Dredging 
Removal/Transport Cost Max distance of 5 miles Triangular (17, 20, 23) 

Product Market Prices 
70 to 85% of replacement 
product Triangular:  (75, 83, 90) 

Sediment to Product Ratio 
Normal distribution of 
ratios Normal:  (1.55, 0.368) 

Area of Land Needed 
2,100,000 cy annual 
processing plant 105 acres 

Cost of Land 
Triangular distribution of 
land estimates Triangular:  (13,000 - 28,000 - 43,000) 

Plant Lifecycle Maximum Dredging 20 years 
Interest Rate 20 years; yield curve Normal (2.80, 0.18) 
 

Quarry/Landfill Control Cases 

Conowingo Dam 

Test Case 1:  Nominal Dredging 

Total Amount Dredged:  19.5Mcy 

Quarry:  Mason Dixon Quarry (Belvedere Plant) 



120 
 

Quarry Capacity and Distance:   35Mcy capacity, 11 miles 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 650,000 cy (526,500 tons) 650,000 cy 

Tipping Fee (per cubic yard) 
Mason Dixon Quarry 
(Belvedere Plant) $13 per cubic yard 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 11 miles Triangular:  (31, 43, 55) 
Dredging Initial Investment Cost 
(total) Distance of 11 miles 

Triangular: (1,700,000 - 
2,950,000 - 4,200,000) 

Dredging Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (.0330, .0023) 

   

Test Case 2:  Moderate Dredging 

Total Amount Dredged:  50 Mcy 

Quarries:  Mason Dixon Quarry (Belvedere and Perryville Plants) 

Quarry Capacities and Distance:   35Mcy, 21.4Mcy (11, 13 miles) 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 2,000,000 cy 

Tipping Fee (per cubic yard) Mason Dixon Quarries $13 per cubic yard 
Dredging Removal/Transport Cost 
(per cubic yard) Distance of 11 miles Triangular:  (31, 43, 55) 
Dredging Removal/Transport Cost 
(per cubic yard) Distance of 13 miles Triangular:  (37, 51, 65) 
Dredging Initial Investment Cost 
(total) Distance of 13 miles 

Triangular: (2,300,000 - 
3,900,000 - 5,500,000) 

Dredging Lifecycle Moderate Dredging 25 years 

Interest Rate 25 years; yield curve Normal (.0304, 0.0020) 

   

Test Case 3:  Maximum Dredging 

Total Amount Dredged:  60 Mcy 

Quarries:  Stancill Quarry, Mason Dixon Quarry (Belvedere and Perryville Plants) 

Quarry Capacities and Distance:   9Mcy, 35Mcy, 21.4Mcy (13, 11, 13 miles) 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
3,000,000 cy (2,430,000 
tons) 3,000,000 cy 

Tipping Fee (per cubic yard) 
Mason Dixon & Stancil 
Quarries $13 and $4 per cubic yard 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 11 miles Triangular:  (31, 43, 55) 
Dredging Removal/Transport Cost 
(per cubic yard) Distance of 13 miles Triangular:  (37, 51, 65) 
Dredging Initial Investment Cost 
(total) Distance of 13 miles 

Triangular: (2,300,000 - 
3,900,000 - 5,500,000) 
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Dredging Lifecycle Maximum Dredging 20 years 

Interest Rate 20 years; yield curve Normal (.0280, 0.0018) 

   

Holtwood Dam 

Test Case 1:  Nominal Dredging 

Total Amount Dredged:  1.5Mcy 

Quarry:  Republic Materials Landfill 

Quarry Capacity and Distance:   10Mcy capacity, 26 miles 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 50,000 cy (40,500 tons) 50,000 cy 

Tipping Fee (per cubic yard) 
Republic Materials 
Landfill $37 per cubic yard 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 26 miles Triangular:  (75, 102.5, 130) 
Dredging Initial Investment Cost 
(total) Distance of 26 miles 

Triangular: (4,000,000 - 
6,900,000 - 9,800,000) 

Dredging Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (.0330, .0023) 

   

Test Case 2:  Moderate Dredging 

Total Amount Dredged:  3.75Mcy 

Quarry:  Republic Materials Landfill 

Quarry Capacity and Distance:   10Mcy capacity, 26 miles 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 150,000 cy (121,500 tons) 150,000 cy 

Tipping Fee (per cubic yard) 
Republic Materials 
Landfill $37 per cubic yard 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 26 miles Triangular:  (75, 102.5, 130) 
Dredging Initial Investment Cost 
(total) Distance of 26 miles 

Triangular: (4,000,000 - 
6,900,000 - 9,800,000) 

Dredging Lifecycle Moderate Dredging 25 years 

Interest Rate 25 years; yield curve Normal (.0304, 0.0020) 

   

Test Case 3:  Maximum Dredging 

Total Amount Dredged:  5Mcy 

Quarry:  Republic Materials Landfill 

Quarry Capacity and Distance:   10Mcy capacity, 26 miles 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 250,000 cy (202,500 tons) 250,000 cy 

Tipping Fee (per cubic yard) 
Republic Materials 
Landfill $37 per cubic yard 
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Dredging Removal/Transport Cost 
(per cubic yard) Distance of 26 miles Triangular:  (75, 102.5, 130) 
Dredging Initial Investment Cost 
(total) Distance of 26 miles 

Triangular: (4,000,000 - 
6,900,000 - 9,800,000) 

Dredging Lifecycle Maximum Dredging 20 years 

Interest Rate 20 years; yield curve Normal (.0280, 0.0018) 

   

Safe Harbor Dam 

Test Case 1:  Nominal Dredging 

Total Amount Dredged:  10.5Mcy 

Quarry:  Republic Materials Landfill 

Quarry Capacity and Distance:   10Mcy capacity, 26 miles 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 350,000 cy (283,500 tons) 350,000 cy 

Tipping Fee (per cubic yard) 
Republic Materials 
Landfill $37 per cubic yard 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 20 miles Triangular:  (57, 78.5, 100) 
Dredging Initial Investment Cost 
(total) Distance of 20 miles 

Triangular: (3,000,000 - 
5,250,000 - 7,500,000) 

Dredging Lifecycle Nominal Dredging 30 years 

Interest Rate 30 years; yield curve Normal (.0330, .0023) 

   

Test Case 2:  Moderate Dredging 

Total Amount Dredged:  25Mcy 

Quarries:  Republic Materials Landfill, Rohrer's Quarry, Penn/MD Materials Group 

Quarry Capacity and Distance:   10Mcy, 5Mcy, 9Mcy (20, 19, 24 miles) 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
1,000,000 cy (810,000 
tons) 1,000,000 cy 

Tipping Fee (per cubic yard) 
Republic, Rohrer's, 
Penn/MD Materials $37 and $15 per cy 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 20 miles Triangular:  (57, 78.5, 100) 
Dredging Removal/Transport Cost 
(per cubic yard) Distance of 24 miles Triangular:  (70, 95, 120) 
Dredging Initial Investment Cost 
(total) Distance of 24 miles 

Triangular: (3,700,000 - 
6,350,000 - 9,000,000) 

Dredging Lifecycle Moderate Dredging 25 years 

Interest Rate 25 years; yield curve Normal (.0304, 0.0020) 

   

Test Case 3:  Maximum Dredging 

Total Amount Dredged:  40Mcy 
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Quarries:  Republic Materials Landfill, Rohrer's Quarry, Penn/MD Materials Group 

Quarry Capacity and Distance:   10Mcy, 5Mcy, 9Mcy (20, 19, 24 miles) 

Input Distribution Parameter Distribution/Value 

Dredging Amount (annual) 
2,000,000 cy (1,620,000 
tons) 2,000,000 cy 

Tipping Fee (per cubic yard) 
Republic, Rohrer's, 
Penn/MD Materials $37 and $15 per cy 

Dredging Removal/Transport Cost 
(per cubic yard) Distance of 20 miles Triangular:  (57, 78.5, 100) 
Dredging Removal/Transport Cost 
(per cubic yard) Distance of 24 miles Triangular:  (70, 95, 120) 
Dredging Initial Investment Cost 
(total) Distance of 24 miles 

Triangular: (3,700,000 - 
6,350,000 - 9,000,000) 

Dredging Lifecycle Maximum Dredging 20 years 

Interest Rate 20 years; yield curve Normal (.0280, 0.0018) 

Table 24 Lifecycle Cost Model Test Cases 
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9.3.4 Lifecycle Cost Model:  Results 

The lifecycle cost model was run with the test cases mentioned prior for a total of 100,000 

simulation iterations.  The average net present value along with the respective 95% confidence 

interval for each of the 27 dredging amount and processing alternatives, organized by each dam, 

are shown in a the bar graph below.  

 

 

Figure 44 Lifecycle Cost Model Initial Results (by Dam) 

A broad first look at the results indicates that dredging and processing sediment, or dredging 

sediment and placing it into quarries/landfills from the Lower Susquehanna River Dams is a very 

expensive operation ranging from millions to billions of dollars.  Secondly, none of the alternatives 

evaluated resulted in a positive net present value.  The alternative that resulted in the least cost is 

the Cement-Lock alternative at nominal dredging for the Holtwood Dam, which resulted in an 

average net present value of -$88 million.  The alternative that resulted in the greatest cost is the 
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Plasma Vitrification alternative at maximum dredging for the Conowingo Dam, which resulted in an 

average net present value of -$6 billion,18 

 

 

Figure 45 Lifecycle Cost Model Initial Results (by Alternative) 

The figure above shows the combined average net present value of each alternative for all three 

dams, along with their respective combined 95% confidence intervals.  The stacked bar graph 

shows a clearer way to compare the design alternatives, and indicates that Plasma Vitrification is 

the most expensive alternative, followed by the Quarry/Landfill control case, while Cement-Lock is 

the least cost option.  This indicates that Cement-Lock may be the most viable option amongst the 

design alternatives evaluated.  The combined average net present value for a Cement-Lock 

processing plant for all three dams after 25 years is:  -$950 million for the nominal case, -$2.5 

billion for the moderate case, and -$3.75 billion for the maximum case.19 

 

 

 

 

  

                                                           
18 The data for the initial results are provided in Table 1 of Appendix C 
19 The combined initial results for the lifecycle cost model is provided in Table 2 of Appendix C 
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9.3.5 Lifecycle Cost Model:  Sensitivity Analysis20 

The lifecycle cost model consisted of a number of assumptions made regarding the product 

demand, net processing cost, and market prices of the design alternatives.  However these 

assumptions may not always hold true, therefore a sensitivity analysis was conducted varying these 

parameters.  The results of the sensitivity analysis are outlined below. 

 

9.3.5.1 Sensitivity on Product Demand 

The initial results included the assumption that the processing plant operation would be able to sell 

of the product produced, or in other words the processing plant would meet or exceed the demand 

of the replacement product.  However, this may not hold true, therefore a sensitivity analysis was 

conducted with varying the percentage of products sold per year from 75 to 100 percent using a 

triangular distribution.  The results of the product demand sensitivity analysis are shown in the bar 

graph below.  Note also that this sensitivity analysis did not include holding costs due to unsold 

products. 

 

Figure 46 Lifecycle Cost Model Sensitivity on Demand 

At demands ranging from 75 to 100 percent, Plasma Vitrification averages an increase by five 

percent, while Cement-Lock averages an increase of 12 percent.  Even though the increase in cost is 

greater with Cement-Lock, it is still a lower cost alternative compared to Plasma Vitrification.  

                                                           
20 The data for the sensitivity results are provided in Tables 3 to 8 of Appendix C 
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9.3.5.2 Sensitivity on Market Prices 

The initial results were modeled on the assumption that Plasma Vitrification and Cement-Lock can 

meet 70 to 85 percent of their replacement products average market price (coal slag and Portland 

cement).  However the processing alternatives may be sold for a greater market price, or may meet 

their replacement products average market price.  Therefore a sensitivity was conducted in which 

the market price for glass slag and Eco-Melt were varied in a triangular distribution to meet 80 to 

90 percent, or 90 to 100 percent of their replacement products average market price. 

 

 

Figure 47 Lifecycle Cost Model: Sensitivity on Market Price 
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If the product can meet 80 to 90 percent of the replacement product’s average market price, then 

an average decrease in cost by four percent occurs for Plasma Vitrification, and an average decrease 

in cost of nine percent occurs for Cement-Lock.  If the product can meet 90 to 100 percent of the 

replacement product’s average market price, then an average decrease in cost by eight percent 

occurs for Plasma Vitrification, and an average decrease in cost of twenty-one percent occurs for 

Cement-Lock.   

 

9.3.5.3 Sensitivity on Energy Prices/Net Processing Cost 

Energy market research for the areas near each of the Lower Susquehanna River Dams was 

conducted and was used to vary the net processing cost of Plasma Vitrification and Cement-Lock 

from the whitepaper estimates.  Plasma Vitrification and Cement-Lock are processes that consume 

large amounts of energy to process the dredged sediment into the desired product, which also 

accounts for the majority of the processing cost.  However what if the hydroelectric operators of the 

dams provide a discount on using their electricity? Or what if a natural gas supplier is willing to 

provide a discount on the natural gas to facilitate environmental restoration? A sensitivity analysis 

was conducted in which a 25 and 50 percent discount was provided for the electricity and natural 

gas estimates.   

 

Figure 48 Lifecycle Cost Model: Energy Sensitivity 

If a 25 percent discount is given for the energy prices, Plasma Vitrification averages a decrease of 

20 percent, while Cement-Lock averages a decrease of only 12 percent.  The greater reduction in 
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costs occurs with Plasma Vitrification since this process requires a greater amount of energy 

compared to the Cement-Lock process. 

 

9.3.6 Lifecycle Cost Model:  Assumptions and Considerations 

The Processing Plant Lifecycle Cost Model provides an approximate of the net present value for 

each dam, processing, and dredging amount alternative.  However the model includes a number of 

assumptions which are outlined below: 

 

1. Although the product demand was varied in a sensitivity analysis from 75 to 100 percent, the 

large influx of product produced from the processing plants alternatives, may subsequently lead to 

a change in the market price of the product.  This was not taken into account for this cost analysis, 

however a more detailed study should conduct a detailed study on the demand for each of the 

products, and how the amount of product produced will affect the market price for that product. 

2. Although the Plasma Vitrification and Cement-Lock processes can use various grain sizes of 

sediment (silt, clay, and sand), the amount of product produced may vary slightly depending on the 

grain sizes of the sediment.  Initially this was planned to be taken into account since the HEC-RAS 

model was to be used which takes into account the grain sizes of the sediment.  Since the Scour 

Performance Curves were used instead, the amount of product produced was approximated using a 

normal distribution of amounts of product produced from pilot studies.  A more detailed analysis 

may want to consider the exact types of sediment and their resulting amount of product produced 

however. 

3. The time to build and construct the processing plant was not taken into account in the lifecycle 

cost analysis.  A more detailed study may want to consider this aspect. 

4. The cost of deforestation for some of the potential plant sites was not taken into account for the 

lifecycle cost analysis, due to the time and scope of this study.  A more detailed analysis may want 

to consider the deforestation costs for a plot of land, even though this cost in the overall lifecycle 

cost of the processing plant would be minimal. 

5. For the processing plant operation, it was assumed that the operation would be a Free on Board 

(FOB).  In other words, the customer must pick up the product from the processing plant site.  

However, all of the market prices obtained for each product were also FOB prices, and not 

prices that included shipping.  Nonetheless, due to the large amount of product produced by the 

Conowingo and Safe Harbor dam alternatives, in order to offset the dynamic between the market 
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demand and the change in the market price of the product, the processing operation may need to 

ship the product.  This would also increase the market price of the product (due to the added 

shipping cost), and can be done through trucks or major railways such as the CSX Corporation, 

Northern Pacific Railway, and Norfolk Southern Railway. 

6. The pilot study by Westinghouse Plasma Corporation indicated that an integrated Plasma 

Vitrification and architectural tile production plant would result in a positive return on investment.  

This is because a pilot study was done by Environmental Stones, LLC in 1999 in which glass slag 

was used as a replacement for three-mix glass used in architectural tile production.  The pilot study 

successfully created glass tiles from the integrated process and a cost analysis indicated a positive 

return on investment.  However, Environmental Stones LLC seems to be out of business (pilot study 

was done in 1999) and the pilot study by Westinghouse Plasma Corporation explicitly stated that 

the cost aspects of the integrated process would not be disclosed.  Research was also conducted for 

other manufacturers that use three-mix glass to determine if glass slag can be used as a substitute 

in their process, and what the costs would be.  Unfortunately, the research was unsuccessful as 

information about three-mix glass could also not be found.  However, it is recommended that 

further study be conducted on such an integrated operation and the lifecycle costs. 
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Section IV:  Recommendations 

The Recommendations section summarizes the conclusions of the study and includes the following 

sections:  Utility Analysis, Recommendations and Future Research, and Project Risks and Additional 

Considerations.   
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10.0 Utility Analysis and Project Findings 

 

10.1 Utility vs. Cost Analysis 

In order to determine the most cost-performance effective solution amongst the design 

alternatives, a utility vs. cost analysis was conducted which consisted of the following factors:  time 

of the processing plant lifecycle, product suitability, and the percent of scouring reduction potential.  

The time of the processing plant lifecycle is either 30, 25, or 20 years with respect to the Nominal, 

Moderate, and Maximum dredging amount cases.  The product suitability is the percent of 

contaminants removed from the contaminated sediment.  For Cement-Lock and Plasma Vitrification 

the product suitability is 99 percent, while for the Quarry/Landfill control case it is 0 percent since 

there is no decontamination that takes place, and hence there is a risk of environmental 

degradation in the future.  The third and largest factor in the utility is the total percent of scouring 

reduction potential derived from the Scour Performance Curves for each dredging case from each of 

the reservoirs.   

 

The following equation was used to determine the utility value for each alternative, while the 

weights were determined through discussion with the project sponsor, the West/Rhode 

Riverkeeper, Inc. 

 

𝑈(𝑖) = 0.10 ∗ 𝑇𝑖 + 0.30 ∗ 𝑆𝑖 + 0.60 ∗ 𝑃𝑖  

 

Where U(i) is the utility for each dam, processing, and dredging amount alternative, Ti is the time of 

the processing plant lifecycle, Si is the suitability of the processing alternative, and Pi is the total 

percent of sediment scour reduction potential.  
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The figure to the left shows the utility 

vs. cost analysis for the Conowingo 

Dam alternatives.  Based on the utility 

vs. cost analysis, the most cost-

performance effective solution for the 

Conowingo Dam is a Cement-Lock 

processing plant at moderate dredging 

for 25 years.  This results in a total 

scour reduction of 26 percent and a 

total net present value ranging from     

-$2 billion to -$1.3 billion.  The second 

highest utility is a Cement-Lock 

processing plant at nominal dredging 

for 30 years, which results in a total 

scour reduction of 20 percent and a total net present value ranging from -$750 million to -$455 

million. 

 

The figure to the left shows the utility 

vs. cost analysis for the Holtwood Dam 

alternatives.  Based on the utility vs. 

cost analysis, the most cost-

performance effective solution for the 

Holtwood Dam is Cement-Lock 

processing plant at nominal dredging 

for 30 years.  This results in a total 

scour reduction of 1.5 percent and a 

total net present value ranging from     

-$100 million to -$75 million.  However 

it is not recommended to implement a 

removal and processing operation at 

the Holtwood Dam due to its low scour 

reduction potential. 

 

Figure 49 Conowingo Utility vs. Cost Analysis 

Figure 50 Holtwood Utility vs. Cost Analysis 

          -              -               -               - 

          -           -           -           -           -            - 
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The figure to the left shows the utility 

vs. cost analysis for the Safe Harbor 

Dam alternatives.  Based on the utility 

vs. cost analysis, the most cost-

performance effective solution for the 

Safe Harbor Dam is also a Cement-Lock 

processing plant at moderate dredging 

for 25 years.  This results in a total 

scour reduction of 13 percent and a 

total net present value ranging from     

-$920 million to -$500 million.  The 

second highest utility is a Cement-Lock 

processing plant at nominal dredging 

for 30 years, which results in a total 

scour reduction of 10 percent and a total net present value ranging from -$350 million to -$180 

million. 

 

 

 

  

Figure 51 Safe Harbor Utility vs. Cost Analysis 

          -               -               -               - 
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10.2 Recommendations and Future Research 

Based on the analysis of the utility function, the most cost-performance effective solution is a 

sediment removal and processing system comprising of moderate dredging for 25 years at the 

Conowingo and Safe Harbor dams.  This results in a total scour reduction of 40 percent, and a net 

present value ranging from -$2 billion to -$1.3 billion for the plant at Conowingo, and -$920 million 

to -$500 million for the plant at Safe Harbor.  For the Holtwood Dam, a removal and processing 

operation is not needed due to its low scour reduction potential.  Although the utility vs. cost 

analysis is based on the Scour Performance Curves which treated the dams as static, a Fluid System 

Dynamics Model was conducted which confirmed these results and implications.     

 

However before implementation of a sediment removal and processing system, a number of 

recommendations should be considered: 

1. The Fluid System Dynamics Model did not take into account river bathymetry, types of sediment, 

and the tributaries of the Lower Susquehanna River.  A more detailed hydrological model can be 

conducted taking into account these parameters and other fluid dynamic laws, to determine more 

precise scour reduction estimates from amounts of dredged sediment, and to further test the effect 

of the dynamic interaction between the dams during major scouring events.   

2. Secondly, since it is the nutrients attached to the sediment that primarily cause long term 

environmental degradation, it is recommended that an exhaustive survey of nutrient management 

strategies be considered before implementation of a large scale operation.  An example of a nutrient 

management strategy can be neutralizing the deposited sediment to remove the nutrients and 

contaminants.  In other words, instead of viewing the reservoirs as tanks that need to be emptied, 

or capacitors whose charges need to be bled off (a control systems model was conducted prior 

using this analogy), they can be viewed as large beakers in which the sediment or contaminants 

need to be neutralized.  This may not be a feasible alternative, however is mentioned as a 

suggestion [72]. 

3. If nutrient management is not more cost-performance effective than sediment management, then 

it is recommended that the patent holders of Cement-Lock, Volcano Partners LLC, be contacted for a 

pilot study on the suitability of Cement-Lock technology for processing Lower Susquehanna River 

sediment.  

4. Lastly, for this study, coal slag was used as the replacement product for glass slag produced from 

the Plasma Vitrification process.  However, the pilot study by Westinghouse Plasma Corporation 
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mentioned that an integrated Plasma Vitrification and architectural tile production plant in which 

glass slag is used as a replacement for three-mix glass, would result in a positive return on 

investment [59].  The cost and suitability of such an integrated process could not be found, however 

it is recommended that further research be conducted on the viability of such an integrated process. 
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 Bruce Michael, Director at the Maryland Department of Natural Resources (MDNR) – for 

assistance in understanding the Lower Susquehanna River Watershed Assessment (LSRWA) 

 

Note:  any opinions, findings, and conclusions expressed in this study are those of the authors and 

may not necessarily reflect the views of all the aforementioned individuals. 
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Appendices 

 

Appendix A:  Scour Performance Curves Regression Data 

 

Table 1:  GMU 2014 Hydraulic Model Simulation Results  

1 Million Cubic Yards/Annual Dredging Amount 
  Scouring Percentage Reduction 

Year 400,000 cfs 700,000 cfs 1 million cfs 

0 0.8555 1.1991 1.1331 

1 2.1134 1.8507 1.9692 

2 1.8550 1.9448 1.9263 

3 1.4920 1.1761 1.6335 

4 1.8121 2.1244 1.6708 

5 1.5014 1.0404 1.7205 

6 1.6700 1.5150 1.1275 

7 1.6894 1.9706 1.2319 

8 1.5393 0.5739 1.8184 

9 1.0305 1.7323 1.4546 

10 1.5488 1.4602 0.9745 

11 0.8477 0.6818 1.5334 

12 1.1011 1.5444 0.8204 

13 1.4873 1.4146 1.0858 

14 0.9554 1.2623 1.1991 

15 1.2867 1.1840 1.0610 

16 1.2119 1.2490 0.8685 

17 1.2083 0.4584 0.9754 

18 0.2609 1.2703 0.6597 

19 1.0776 1.0730 1.3444 

 

3 Million Cubic Yards/Annual Dredging Amount 
  Scouring Percentage Reduction 

Year 400,000 cfs 700,000 cfs 1 million cfs 

0 2.4175 3.3404 3.1926 

1 5.3039 4.6238 4.9102 

2 4.0047 4.1146 4.1663 

3 2.8728 2.3251 3.0925 

4 3.0311 3.6944 2.8000 

5 2.3302 1.8326 2.5534 

6 2.3916 2.3130 1.6115 

7 2.1309 2.6577 1.7435 

8 1.7995 0.9592 2.2102 

9 1.1590 1.9960 1.5940 
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10 1.6732 1.6075 1.1102 

11 1.0521 0.8315 1.7248 

12 1.1451 1.4860 1.1271 

13 1.3191 1.2817 1.1299 

14 0.8863 1.0955 1.0900 

15 1.1549 0.9685 1.0330 

16 1.0586 1.0540 0.8549 

17 1.0977 0.6417 0.9052 

18 0.4625 1.1268 0.7173 

19 0.9064 0.8498 1.0895 

 

5 Million Cubic Yards/Annual Dredging Amount 
  Scouring Percentage Reduction 

Year 400,000 cfs 700,000 cfs 1 million cfs 

0 3.8096 5.1945 5.0149 

1 7.5226 6.5239 6.9028 

2 5.0066 5.0643 5.2124 

3 3.2921 2.7145 3.4887 

4 3.1513 3.9495 2.9073 

5 2.3163 1.9768 2.4514 

6 2.2846 2.2831 1.5304 

7 1.8880 2.4298 1.6588 

8 1.5459 0.9999 1.9282 

9 0.9895 1.6768 1.3184 

10 1.4144 1.3374 0.9608 

11 0.9759 0.7448 1.4991 

12 0.9713 1.1656 1.0872 

13 1.0328 0.9900 0.9593 

14 0.7269 0.8437 0.8674 

15 0.9457 0.7334 0.8670 

16 0.8691 0.8311 0.7290 

17 0.9313 0.6215 0.7563 

18 0.4784 0.9346 0.6436 

19 0.7530 0.6760 0.8719 
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Table 2:  GMU 2014 Hydraulic Model Results – Average Scouring Reduction per Dredging 

Amount 

 

1 Million Cubic Yards/Annual Dredging Amount 

Year Average Scouring Percentage Reduction 
Standard 
Deviation 

0 1.0626 0.1823 

1 1.9778 0.1316 

2 1.9087 0.0474 

3 1.4339 0.2341 

4 1.8691 0.2321 

5 1.4208 0.3471 

6 1.4375 0.2794 

7 1.6307 0.3728 

8 1.3105 0.6530 

9 1.4058 0.3534 

10 1.3278 0.3092 

11 1.0210 0.4515 

12 1.1553 0.3650 

13 1.3292 0.2139 

14 1.1389 0.1620 

15 1.1773 0.1130 

16 1.1098 0.2098 

17 0.8807 0.3838 

18 0.7303 0.5083 

19 1.1650 0.1554 

 

3 Million Cubic Yards/Annual Dredging Amount 

Year Average Scouring Percentage Reduction 
Standard 
Deviation 

0 2.9835 0.4957 

1 4.9460 0.3415 

2 4.0952 0.0825 

3 2.7635 0.3952 

4 3.1752 0.4642 

5 2.2387 0.3690 

6 2.1054 0.4295 

7 2.1774 0.4589 

8 1.6563 0.6377 

9 1.5830 0.4186 

10 1.4637 0.3078 
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11 1.2028 0.4653 

12 1.2527 0.2022 

13 1.2436 0.1002 

14 1.0239 0.1192 

15 1.0521 0.0946 

16 0.9892 0.1163 

17 0.8816 0.2289 

18 0.7689 0.3351 

19 0.9485 0.1253 

 

5 Million Cubic Yards/Annual Dredging Amount 

Year Average Scouring Percentage Reduction 
Standard 
Deviation 

0 4.6730 0.7531 

1 6.9831 0.5042 

2 5.0944 0.1062 

3 3.1651 0.4024 

4 3.3360 0.5451 

5 2.2482 0.2445 

6 2.0327 0.4350 

7 1.9922 0.3959 

8 1.4913 0.4666 

9 1.3282 0.3437 

10 1.2375 0.2428 

11 1.0732 0.3865 

12 1.0747 0.0978 

13 0.9940 0.0369 

14 0.8127 0.0752 

15 0.8487 0.1073 

16 0.8098 0.0724 

17 0.7697 0.1553 

18 0.6855 0.2310 

19 0.7670 0.0987 
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Table 3:  Scour Performance Curve Regression Models and Aggregate Values 

 

1 Mil dredging 3 Mil dredging 5 Mil dredging 

Year 

Scour 
Reduction 
Per Year (%) 

Aggregated 
Scour 
Reduction (%) 

Scour 
Reduction 
Per Year (%) 

Aggregated 
Scour 
Reduction (%) 

Scour 
Reduction 
Per Year (%) 

Aggregated 
Scour 
Reduction (%) 

1 1.799 1.799 6.186 6.186 8.504 8.504 

2 1.748 3.547 3.945 10.130 4.757 13.261 

3 1.697 5.244 3.032 13.163 3.387 16.647 

4 1.646 6.890 2.516 15.678 2.661 19.308 

5 1.594 8.484 2.176 17.855 2.207 21.516 

6 1.543 10.027 1.934 19.788 1.895 23.410 

7 1.492 11.519 1.750 21.538 1.665 25.075 

8 1.441 12.960 1.604 23.142 1.489 26.564 

9 1.390 14.350 1.486 24.628 1.349 27.913 

10 1.338 15.688 1.388 26.016 1.235 29.147 

11 1.287 16.975 1.305 27.321 1.140 30.287 

12 1.236 18.211 1.233 28.554 1.060 31.347 

13 1.185 19.396 1.171 29.725 0.991 32.338 

14 1.134 20.530 1.116 30.841 0.931 33.270 

15 1.082 21.612 1.067 31.907 0.879 34.149 

16 1.031 22.643 1.023 32.931 0.833 34.982 

17 0.980 23.623 0.984 33.914 0.792 35.773 

18 0.929 24.552 0.948 34.862 0.755 36.528 

19 0.878 25.430 0.915 35.777 0.721 37.249 

20 0.826 26.256 0.885 36.662 0.691 37.940 

21 0.775 27.031 0.858 37.520 0.663 38.603 

22 0.724 27.755 0.832 38.352 0.638 39.241 

23 0.673 28.428 0.808 39.160 0.614 39.855 

24 0.622 29.050 0.786 39.947 0.593 40.448 

25 0.570 29.620 0.766 40.712 0.573 41.021 

26 0.519 30.139 0.747 41.459 0.554 41.575 

27 0.468 30.607 0.729 42.188 0.537 42.112 

28 0.417 31.024 0.712 42.899 0.521 42.633 

29 0.366 31.390 0.695 43.595 0.506 43.139 

30 0.314 31.704 0.680 44.275 0.492 43.631 
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Appendix B:  Cost Research for Processing Plant Lifecycle Cost Model 

 

Table 1:  Plasma Vitrification Initial Investment and Net Processing Baseline Estimates [60] 
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Table 2:  Cement-Lock Initial Investment Cost Baseline Estimates [58] 
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Table 3:  Cement-Lock Net Processing Cost Baseline Estimate [58] 
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Table 4:  CPI Index Values from the Bureau of Labor Statistics [64] 
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Table 5:  Plasma Vitrification Initial Investment and Land Extrapolations 

Plasma Vitrification:  Initial Investment and Land Extrapolations 

Capacity (annual cy) Initial Investment Land Requirement (acreage) 

50,000 $57,834,065 6 

100,000 $57,834,065 6 

150,000 $57,834,065 6 

200,000 $57,834,065 6 

250,000 $57,834,065 6 

300,000 $69,400,877 7.2 

350,000 $80,967,690 8.4 

400,000 $92,534,503 9.6 

450,000 $104,101,316 10.8 

500,000 $115,668,130 12 

550,000 $127,234,942 13.2 

600,000 $138,801,755 14.4 

650,000 $150,368,568 15.6 

700,000 $161,935,381 16.8 

750,000 $173,502,194 18 

800,000 $185,069,006 19.2 

850,000 $196,635,819 20.4 

900,000 $208,202,632 21.6 

950,000 $219,769,445 22.8 

1,000,000 $231,336,258 24 

1,050,000 $242,903,071 25.2 

1,100,000 $254,469,884 26.4 

1,150,000 $266,036,697 27.6 

1,200,000 $277,603,510 28.8 

1,250,000 $289,170,323 30 

1,300,000 $300,737,135 31.2 

1,350,000 $312,303,948 32.4 

1,400,000 $323,870,761 33.6 

1,450,000 $335,437,574 34.8 

1,500,000 $347,004,387 36 

1,550,000 $358,571,200 37.2 

1,600,000 $370,138,013 38.4 

1,650,000 $381,704,826 39.6 

1,700,000 $393,271,639 40.8 

1,750,000 $404,838,452 42 

1,800,000 $416,405,264 43.2 

1,850,000 $427,972,077 44.4 

1,900,000 $439,538,890 45.6 

1,950,000 $451,105,703 46.8 

2,000,000 $462,672,516 48 
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2,050,000 $474,239,329 49.2 

2,100,000 $485,806,142 50.4 

2,150,000 $497,372,955 51.6 

2,200,000 $508,939,768 52.8 

2,250,000 $520,506,581 54 

2,300,000 $532,073,393 55.2 

2,350,000 $543,640,206 56.4 

2,400,000 $555,207,019 57.6 

2,450,000 $566,773,832 58.8 

2,500,000 $578,340,645 60 

2,550,000 $589,907,458 61.2 

2,600,000 $601,474,271 62.4 

2,650,000 $613,041,084 63.6 

2,700,000 $624,607,897 64.8 

2,750,000 $636,174,710 66 

2,800,000 $647,741,522 67.2 

2,850,000 $659,308,335 68.4 

2,900,000 $670,875,148 69.6 

2,950,000 $682,441,961 70.8 

3,000,000 $694,008,774 72 

3,050,000 $705,575,587 73.2 

3,100,000 $717,142,400 74.4 

3,150,000 $728,709,213 75.6 

3,200,000 $740,276,026 76.8 

3,250,000 $751,842,839 78 

3,300,000 $763,409,651 79.2 

3,350,000 $774,976,464 80.4 

3,400,000 $786,543,277 81.6 

3,450,000 $798,110,090 82.8 

3,500,000 $809,676,903 84 

3,550,000 $821,243,716 85.2 

3,600,000 $832,810,529 86.4 

3,650,000 $844,377,342 87.6 

3,700,000 $855,944,155 88.8 

3,750,000 $867,510,968 90 

3,800,000 $879,077,780 91.2 

3,850,000 $890,644,593 92.4 

3,900,000 $902,211,406 93.6 

3,950,000 $913,778,219 94.8 

4,000,000 $925,345,032 96 

4,050,000 $936,911,845 97.2 

4,100,000 $948,478,658 98.4 

4,150,000 $960,045,471 99.6 
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4,200,000 $971,612,284 100.8 

4,250,000 $983,179,097 102 

4,300,000 $994,745,909 103.2 

4,350,000 $1,006,312,722 104.4 

4,400,000 $1,017,879,535 105.6 

4,450,000 $1,029,446,348 106.8 

4,500,000 $1,041,013,161 108 

4,550,000 $1,052,579,974 109.2 

4,600,000 $1,064,146,787 110.4 

4,650,000 $1,075,713,600 111.6 

4,700,000 $1,087,280,413 112.8 

4,750,000 $1,098,847,226 114 

4,800,000 $1,110,414,038 115.2 

4,850,000 $1,121,980,851 116.4 

4,900,000 $1,133,547,664 117.6 

4,950,000 $1,145,114,477 118.8 

5,000,000 $1,156,681,290 120 
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Table 6:  Cement Lock Initial Investment and Land Extrapolations 

Cement Lock:  Initial Investment and Land Extrapolations 

Capacity (annual cy) Initial Investment Land Requirement (acreage) 

50,000 $50,305,213 12.5 

100,000 $50,305,213 12.5 

150,000 $50,305,213 12.5 

200,000 $50,305,213 12.5 

250,000 $50,305,213 12.5 

300,000 $60,366,255 15 

350,000 $70,427,298 17.5 

400,000 $80,488,340 20 

450,000 $90,549,383 22.5 

500,000 $100,610,424.64 25 

550,000 $110,671,468 27.5 

600,000 $120,732,510 30 

650,000 $130,793,553 32.5 

700,000 $140,854,595 35 

750,000 $150,915,638 37.5 

800,000 $160,976,680 40 

850,000 $171,037,723 42.5 

900,000 $181,098,765 45 

950,000 $191,159,808 47.5 

1,000,000 $201,220,850 50 

1,050,000 $211,281,893 52.5 

1,100,000 $221,342,935 55 

1,150,000 $231,403,978 57.5 

1,200,000 $241,465,020 60 

1,250,000 $251,526,063 62.5 

1,300,000 $261,587,105 65 

1,350,000 $271,648,148 67.5 

1,400,000 $281,709,190 70 

1,450,000 $291,770,233 72.5 

1,500,000 $301,831,275 75 

1,550,000 $311,892,318 77.5 

1,600,000 $321,953,360 80 

1,650,000 $332,014,403 82.5 

1,700,000 $342,075,445 85 

1,750,000 $352,136,488 87.5 

1,800,000 $362,197,530 90 

1,850,000 $372,258,573 92.5 

1,900,000 $382,319,615 95 

1,950,000 $392,380,658 97.5 

2,000,000 $402,441,700 100 
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2,050,000 $412,502,743 102.5 

2,100,000 $422,563,785 105 

2,150,000 $432,624,828 107.5 

2,200,000 $442,685,870 110 

2,250,000 $452,746,913 112.5 

2,300,000 $462,807,955 115 

2,350,000 $472,868,998 117.5 

2,400,000 $482,930,040 120 

2,450,000 $492,991,083 122.5 

2,500,000 $503,052,125 125 

2,550,000 $513,113,168 127.5 

2,600,000 $523,174,210 130 

2,650,000 $533,235,253 132.5 

2,700,000 $543,296,295 135 

2,750,000 $553,357,338 137.5 

2,800,000 $563,418,380 140 

2,850,000 $573,479,423 142.5 

2,900,000 $583,540,465 145 

2,950,000 $593,601,508 147.5 

3,000,000 $603,662,550 150 

3,050,000 $613,723,593 152.5 

3,100,000 $623,784,635 155 

3,150,000 $633,845,678 157.5 

3,200,000 $643,906,720 160 

3,250,000 $653,967,763 162.5 

3,300,000 $664,028,805 165 

3,350,000 $674,089,848 167.5 

3,400,000 $684,150,890 170 

3,450,000 $694,211,933 172.5 

3,500,000 $704,272,975 175 

3,550,000 $714,334,018 177.5 

3,600,000 $724,395,060 180 

3,650,000 $734,456,103 182.5 

3,700,000 $744,517,145 185 

3,750,000 $754,578,188 187.5 

3,800,000 $764,639,230 190 

3,850,000 $774,700,273 192.5 

3,900,000 $784,761,315 195 

3,950,000 $794,822,358 197.5 

4,000,000 $804,883,400 200 

4,050,000 $814,944,443 202.5 

4,100,000 $825,005,485 205 

4,150,000 $835,066,528 207.5 
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4,200,000 $845,127,570 210 

4,250,000 $855,188,613 212.5 

4,300,000 $865,249,655 215 

4,350,000 $875,310,698 217.5 

4,400,000 $885,371,740 220 

4,450,000 $895,432,783 222.5 

4,500,000 $905,493,825 225 

4,550,000 $915,554,868 227.5 

4,600,000 $925,615,910 230 

4,650,000 $935,676,953 232.5 

4,700,000 $945,737,995 235 

4,750,000 $955,799,038 237.5 

4,800,000 $965,860,080 240 

4,850,000 $975,921,123 242.5 

4,900,000 $985,982,165 245 

4,950,000 $996,043,208 247.5 

5,000,000 $1,006,104,250 250 
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Table 7:  Plasma Vitrification - Parameters for Initial Investment Triangular Distribution 

Plasma Vitrification - Parameters for Initial Investment Triangular Distribution 
Plant 
Capacity(cy) Initial Investment (Med) 

Initial Investment + 15% 
(High) 

Initial Investment - 15% 
(Low) 

50,000 $57,834,065 $66,509,174 $49,158,955 

100,000 $57,834,065 $66,509,174 $49,158,955 

150,000 $57,834,065 $66,509,174 $49,158,955 

200,000 $57,834,065 $66,509,174 $49,158,955 

250,000 $57,834,065 $66,509,174 $49,158,955 

300,000 $69,400,877 $79,811,009 $58,990,746 

350,000 $80,967,690 $93,112,844 $68,822,537 

400,000 $92,534,503 $106,414,679 $78,654,328 

450,000 $104,101,316 $119,716,514 $88,486,119 

500,000 $115,668,130 $133,018,349 $98,317,910 

550,000 $127,234,942 $146,320,183 $108,149,701 

600,000 $138,801,755 $159,622,018 $117,981,492 

650,000 $150,368,568 $172,923,853 $127,813,283 

700,000 $161,935,381 $186,225,688 $137,645,074 

750,000 $173,502,194 $199,527,523 $147,476,864 

800,000 $185,069,006 $212,829,357 $157,308,655 

850,000 $196,635,819 $226,131,192 $167,140,446 

900,000 $208,202,632 $239,433,027 $176,972,237 

950,000 $219,769,445 $252,734,862 $186,804,028 

1,000,000 $231,336,258 $266,036,697 $196,635,819 

1,050,000 $242,903,071 $279,338,532 $206,467,610 

1,100,000 $254,469,884 $292,640,366 $216,299,401 

1,150,000 $266,036,697 $305,942,201 $226,131,192 

1,200,000 $277,603,510 $319,244,036 $235,962,983 

1,250,000 $289,170,323 $332,545,871 $245,794,774 

1,300,000 $300,737,135 $345,847,706 $255,626,565 

1,350,000 $312,303,948 $359,149,541 $265,458,356 

1,400,000 $323,870,761 $372,451,375 $275,290,147 

1,450,000 $335,437,574 $385,753,210 $285,121,938 

1,500,000 $347,004,387 $399,055,045 $294,953,729 

1,550,000 $358,571,200 $412,356,880 $304,785,520 

1,600,000 $370,138,013 $425,658,715 $314,617,311 

1,650,000 $381,704,826 $438,960,550 $324,449,102 

1,700,000 $393,271,639 $452,262,384 $334,280,893 

1,750,000 $404,838,452 $465,564,219 $344,112,684 

1,800,000 $416,405,264 $478,866,054 $353,944,475 

1,850,000 $427,972,077 $492,167,889 $363,776,266 

1,900,000 $439,538,890 $505,469,724 $373,608,057 

1,950,000 $451,105,703 $518,771,559 $383,439,848 

2,000,000 $462,672,516 $532,073,393 $393,271,639 

2,050,000 $474,239,329 $545,375,228 $403,103,430 

2,100,000 $485,806,142 $558,677,063 $412,935,221 
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2,150,000 $497,372,955 $571,978,898 $422,767,011 

2,200,000 $508,939,768 $585,280,733 $432,598,802 

2,250,000 $520,506,581 $598,582,568 $442,430,593 

2,300,000 $532,073,393 $611,884,402 $452,262,384 

2,350,000 $543,640,206 $625,186,237 $462,094,175 

2,400,000 $555,207,019 $638,488,072 $471,925,966 

2,450,000 $566,773,832 $651,789,907 $481,757,757 

2,500,000 $578,340,645 $665,091,742 $491,589,548 

2,550,000 $589,907,458 $678,393,577 $501,421,339 

2,600,000 $601,474,271 $691,695,411 $511,253,130 

2,650,000 $613,041,084 $704,997,246 $521,084,921 

2,700,000 $624,607,897 $718,299,081 $530,916,712 

2,750,000 $636,174,710 $731,600,916 $540,748,503 

2,800,000 $647,741,522 $744,902,751 $550,580,294 

2,850,000 $659,308,335 $758,204,586 $560,412,085 

2,900,000 $670,875,148 $771,506,420 $570,243,876 

2,950,000 $682,441,961 $784,808,255 $580,075,667 

3,000,000 $694,008,774 $798,110,090 $589,907,458 

3,050,000 $705,575,587 $811,411,925 $599,739,249 

3,100,000 $717,142,400 $824,713,760 $609,571,040 

3,150,000 $728,709,213 $838,015,595 $619,402,831 

3,200,000 $740,276,026 $851,317,429 $629,234,622 

3,250,000 $751,842,839 $864,619,264 $639,066,413 

3,300,000 $763,409,651 $877,921,099 $648,898,204 

3,350,000 $774,976,464 $891,222,934 $658,729,995 

3,400,000 $786,543,277 $904,524,769 $668,561,786 

3,450,000 $798,110,090 $917,826,604 $678,393,577 

3,500,000 $809,676,903 $931,128,438 $688,225,368 

3,550,000 $821,243,716 $944,430,273 $698,057,159 

3,600,000 $832,810,529 $957,732,108 $707,888,949 

3,650,000 $844,377,342 $971,033,943 $717,720,740 

3,700,000 $855,944,155 $984,335,778 $727,552,531 

3,750,000 $867,510,968 $997,637,613 $737,384,322 

3,800,000 $879,077,780 $1,010,939,447 $747,216,113 

3,850,000 $890,644,593 $1,024,241,282 $757,047,904 

3,900,000 $902,211,406 $1,037,543,117 $766,879,695 

3,950,000 $913,778,219 $1,050,844,952 $776,711,486 

4,000,000 $925,345,032 $1,064,146,787 $786,543,277 

4,050,000 $936,911,845 $1,077,448,622 $796,375,068 

4,100,000 $948,478,658 $1,090,750,456 $806,206,859 

4,150,000 $960,045,471 $1,104,052,291 $816,038,650 

4,200,000 $971,612,284 $1,117,354,126 $825,870,441 

4,250,000 $983,179,097 $1,130,655,961 $835,702,232 

4,300,000 $994,745,909 $1,143,957,796 $845,534,023 

4,350,000 $1,006,312,722 $1,157,259,631 $855,365,814 

4,400,000 $1,017,879,535 $1,170,561,465 $865,197,605 
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4,450,000 $1,029,446,348 $1,183,863,300 $875,029,396 

4,500,000 $1,041,013,161 $1,197,165,135 $884,861,187 

4,550,000 $1,052,579,974 $1,210,466,970 $894,692,978 

4,600,000 $1,064,146,787 $1,223,768,805 $904,524,769 

4,650,000 $1,075,713,600 $1,237,070,640 $914,356,560 

4,700,000 $1,087,280,413 $1,250,372,474 $924,188,351 

4,750,000 $1,098,847,226 $1,263,674,309 $934,020,142 

4,800,000 $1,110,414,038 $1,276,976,144 $943,851,933 

4,850,000 $1,121,980,851 $1,290,277,979 $953,683,724 

4,900,000 $1,133,547,664 $1,303,579,814 $963,515,515 

4,950,000 $1,145,114,477 $1,316,881,649 $973,347,306 

5,000,000 $1,156,681,290 $1,330,183,484 $983,179,097 
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Table 8:  Cement Lock - Parameters for Initial Investment Triangular Distribution 

Cement Lock - Parameters for Initial Investment Triangular Distribution 
Plant 
Capacity(cy) Initial Investment (Med) 

Initial Investment + 15% 
(High) 

Initial Investment - 15% 
(Low) 

50,000 $50,305,213 $57,850,994.38 $42,759,430.63 

100,000 $50,305,213 $57,850,994.38 $42,759,430.63 

150,000 $50,305,213 $57,850,994.38 $42,759,430.63 

200,000 $50,305,213 $57,850,994.38 $42,759,430.63 

250,000 $50,305,213 $57,850,994.38 $42,759,430.63 

300,000 $60,366,255 $69,421,193.25 $51,311,316.75 

350,000 $70,427,298 $80,991,392.13 $59,863,202.88 

400,000 $80,488,340 $92,561,591.00 $68,415,089.00 

450,000 $90,549,383 $104,131,789.88 $76,966,975.13 

500,000 $100,610,424.64 $115,701,988.34 $85,518,860.95 

550,000 $110,671,468 $127,272,187.63 $94,070,747.38 

600,000 $120,732,510 $138,842,386.50 $102,622,633.50 

650,000 $130,793,553 $150,412,585.38 $111,174,519.63 

700,000 $140,854,595 $161,982,784.25 $119,726,405.75 

750,000 $150,915,638 $173,552,983.13 $128,278,291.88 

800,000 $160,976,680 $185,123,182.00 $136,830,178.00 

850,000 $171,037,723 $196,693,380.88 $145,382,064.13 

900,000 $181,098,765 $208,263,579.75 $153,933,950.25 

950,000 $191,159,808 $219,833,778.63 $162,485,836.38 

1,000,000 $201,220,850 $231,403,977.50 $171,037,722.50 

1,050,000 $211,281,893 $242,974,176.38 $179,589,608.63 

1,100,000 $221,342,935 $254,544,375.25 $188,141,494.75 

1,150,000 $231,403,978 $266,114,574.13 $196,693,380.88 

1,200,000 $241,465,020 $277,684,773.00 $205,245,267.00 

1,250,000 $251,526,063 $289,254,971.88 $213,797,153.13 

1,300,000 $261,587,105 $300,825,170.75 $222,349,039.25 

1,350,000 $271,648,148 $312,395,369.63 $230,900,925.38 

1,400,000 $281,709,190 $323,965,568.50 $239,452,811.50 

1,450,000 $291,770,233 $335,535,767.38 $248,004,697.63 

1,500,000 $301,831,275 $347,105,966.25 $256,556,583.75 

1,550,000 $311,892,318 $358,676,165.13 $265,108,469.88 

1,600,000 $321,953,360 $370,246,364.00 $273,660,356.00 

1,650,000 $332,014,403 $381,816,562.88 $282,212,242.13 

1,700,000 $342,075,445 $393,386,761.75 $290,764,128.25 

1,750,000 $352,136,488 $404,956,960.63 $299,316,014.38 

1,800,000 $362,197,530 $416,527,159.50 $307,867,900.50 

1,850,000 $372,258,573 $428,097,358.38 $316,419,786.63 

1,900,000 $382,319,615 $439,667,557.25 $324,971,672.75 

1,950,000 $392,380,658 $451,237,756.13 $333,523,558.88 

2,000,000 $402,441,700 $462,807,955.00 $342,075,445.00 
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2,050,000 $412,502,743 $474,378,153.88 $350,627,331.13 

2,100,000 $422,563,785 $485,948,352.75 $359,179,217.25 

2,150,000 $432,624,828 $497,518,551.63 $367,731,103.38 

2,200,000 $442,685,870 $509,088,750.50 $376,282,989.50 

2,250,000 $452,746,913 $520,658,949.38 $384,834,875.63 

2,300,000 $462,807,955 $532,229,148.25 $393,386,761.75 

2,350,000 $472,868,998 $543,799,347.13 $401,938,647.88 

2,400,000 $482,930,040 $555,369,546.00 $410,490,534.00 

2,450,000 $492,991,083 $566,939,744.88 $419,042,420.13 

2,500,000 $503,052,125 $578,509,943.75 $427,594,306.25 

2,550,000 $513,113,168 $590,080,142.63 $436,146,192.38 

2,600,000 $523,174,210 $601,650,341.50 $444,698,078.50 

2,650,000 $533,235,253 $613,220,540.38 $453,249,964.63 

2,700,000 $543,296,295 $624,790,739.25 $461,801,850.75 

2,750,000 $553,357,338 $636,360,938.13 $470,353,736.88 

2,800,000 $563,418,380 $647,931,137.00 $478,905,623.00 

2,850,000 $573,479,423 $659,501,335.88 $487,457,509.13 

2,900,000 $583,540,465 $671,071,534.75 $496,009,395.25 

2,950,000 $593,601,508 $682,641,733.63 $504,561,281.38 

3,000,000 $603,662,550 $694,211,932.50 $513,113,167.50 

3,050,000 $613,723,593 $705,782,131.38 $521,665,053.63 

3,100,000 $623,784,635 $717,352,330.25 $530,216,939.75 

3,150,000 $633,845,678 $728,922,529.13 $538,768,825.88 

3,200,000 $643,906,720 $740,492,728.00 $547,320,712.00 

3,250,000 $653,967,763 $752,062,926.88 $555,872,598.13 

3,300,000 $664,028,805 $763,633,125.75 $564,424,484.25 

3,350,000 $674,089,848 $775,203,324.63 $572,976,370.38 

3,400,000 $684,150,890 $786,773,523.50 $581,528,256.50 

3,450,000 $694,211,933 $798,343,722.38 $590,080,142.63 

3,500,000 $704,272,975 $809,913,921.25 $598,632,028.75 

3,550,000 $714,334,018 $821,484,120.13 $607,183,914.88 

3,600,000 $724,395,060 $833,054,319.00 $615,735,801.00 

3,650,000 $734,456,103 $844,624,517.88 $624,287,687.13 

3,700,000 $744,517,145 $856,194,716.75 $632,839,573.25 

3,750,000 $754,578,188 $867,764,915.63 $641,391,459.38 

3,800,000 $764,639,230 $879,335,114.50 $649,943,345.50 

3,850,000 $774,700,273 $890,905,313.38 $658,495,231.63 

3,900,000 $784,761,315 $902,475,512.25 $667,047,117.75 

3,950,000 $794,822,358 $914,045,711.13 $675,599,003.88 

4,000,000 $804,883,400 $925,615,910.00 $684,150,890.00 

4,050,000 $814,944,443 $937,186,108.88 $692,702,776.13 

4,100,000 $825,005,485 $948,756,307.75 $701,254,662.25 

4,150,000 $835,066,528 $960,326,506.63 $709,806,548.38 

4,200,000 $845,127,570 $971,896,705.50 $718,358,434.50 

4,250,000 $855,188,613 $983,466,904.38 $726,910,320.63 



164 
 

4,300,000 $865,249,655 $995,037,103.25 $735,462,206.75 

4,350,000 $875,310,698 $1,006,607,302.13 $744,014,092.88 

4,400,000 $885,371,740 $1,018,177,501.00 $752,565,979.00 

4,450,000 $895,432,783 $1,029,747,699.88 $761,117,865.13 

4,500,000 $905,493,825 $1,041,317,898.75 $769,669,751.25 

4,550,000 $915,554,868 $1,052,888,097.63 $778,221,637.38 

4,600,000 $925,615,910 $1,064,458,296.50 $786,773,523.50 

4,650,000 $935,676,953 $1,076,028,495.38 $795,325,409.63 

4,700,000 $945,737,995 $1,087,598,694.25 $803,877,295.75 

4,750,000 $955,799,038 $1,099,168,893.13 $812,429,181.88 

4,800,000 $965,860,080 $1,110,739,092.00 $820,981,068.00 

4,850,000 $975,921,123 $1,122,309,290.88 $829,532,954.13 

4,900,000 $985,982,165 $1,133,879,489.75 $838,084,840.25 

4,950,000 $996,043,208 $1,145,449,688.63 $846,636,726.38 

5,000,000 $1,006,104,250 $1,157,019,887.50 $855,188,612.50 
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Table 9:  Net Processing Cost Extrapolation for Plasma Vitrification 

 

Net Processing Cost for Plasma Vitrification Extrapolation 

Electricity Cost (cents per kw/hr) Total Processing Cost (Per Ton of Sediment) 

0.00 $33.92 

1.00 $50.21 

1.50 $58.36 

2.00 $66.50 

2.50 $74.65 

3.00 $82.79 

3.50 $90.94 

4.00 $99.08 

4.50 $107.23 

5.00 $115.37 

5.50 $123.52 

6.00 $131.66 

6.50 $139.81 

7.00 $147.96 

7.50 $156.10 

8.00 $164.25 

8.50 $172.39 

9.00 $180.54 

9.50 $188.68 

10.00 $196.83 

10.50 $204.97 

11.00 $213.12 

 

Note:  the linear regression used to derive the above extrapolations can be used to find the net 

processing cost per 0.01 cents per kW/hr, but was not shown here due to space:  16.291x + 33.919 
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Table 10:  Net Processing Cost Extrapolation for Cement-Lock 

 

Net Processing Cost for Cement-Lock Extrapolation 

Natural Gas Cost (dollars per million Btu) Total Processing Cost (Per Ton of Sediment) 

0.00 $43.43 

1.00 $49.00 

1.50 $51.78 

2.00 $54.57 

2.50 $57.35 

3.00 $60.13 

3.50 $62.92 

4.00 $65.70 

4.50 $68.49 

5.00 $71.27 

5.50 $74.05 

6.00 $76.84 

6.50 $79.62 

7.00 $82.41 

7.50 $85.19 

8.00 $87.97 

8.50 $90.76 

9.00 $93.54 

9.50 $96.33 

10.00 $99.11 

10.50 $101.89 

11.00 $104.68 

 

Note:  the linear regression used to derive the above extrapolations can be used to find the net 

processing cost per $0.01 per million Btu, but was not shown here due to space:  5.5679x + 43.43 
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Table 11:  Commercial Electricity Estimates Near the LSR Dams [65] 

Commercial Electricity Estimates near Conowingo, MD - zip:  21918 

Company (supplier) - term of plan Price (cents per kWh) 

ConEdison Solutions (delmarva power) - 12 
month 8.37 

Constellation (delmarva power) - 36 months 8.89 

Constellation (delmarva power) - 12 months 9.29 

Xoom Energy (delmarva power) - 24 months 9.49 

Xoom Energy (delmarva power) - 12 months 9.59 

ConEdison Solutions (bge) - 12 month 8.8 

Constellation (bge) - 36 months 8.99 

Oasis Energy (bge) - 24 months 9.02 

Oasis Energy (bge) - 36 months 9.08 

Oasis Energy (bge) - 12 months 9.19 

Constellation (bge) - 12 months 9.29 

Oasis Energy (bge) - 24 months clean 9.56 

Oasis Energy (bge) - 12 months clean 9.64 

Xoom Energy (bge) - 24 months 9.69 

Xoom Energy (bge) - 12 months 9.79 

Xoom Energy (bge) - 12 months clean 9.89 

    

Commercial Electricity Estimates near Holtwood, PA - zip:  17532 

Company (supplier) - term of plan Price (cents per kWh) 

ConEdison Solutions (ppl) - 12 months 7.34 

ThinkEnergy (ppl) - 12 months 8 

Oasis Energy (ppl) - 24 months 8.27 

Oasis Energy (ppl) - 36 months 8.32 

ThinkEnergy (ppl) - 24 months 8.4 

Oasis Energy (ppl) - 12 months 8.47 

ThinkEnergy (ppl) - 36 month 8.9 

Oasis Energy (ppl) - 36 months, clean 9.07 

ConEdison Solutions (peco) - 12 months 7.78 

ThinkEnergy (peco) - 12 months 8.5 

Oasis Energy (peco) -- 24 months 8.67 

Oasis Energy (peco) - 36 months 8.74 

ThinkEnergy (peco) - 24 months 8.8 

ThinkEnergy (peco) - 36 months 9.2 

Public Power (peco) - 12 months 9.49 

Constellation (peco) - 24 months 9.69 

Constellation (peco) - 12 months 9.79 

Xoom Energy (peco) - 12 months 9.99 

    



168 
 

Commercial Electricity Estimates near Conestoga, PA - zip:  17516 

Company (supplier) - term of plan Price (cents per kWh) 

ConEdison Solutions (ppl) - 12 months 7.34 

ThinkEnergy (ppl) - 12 months 8 

Oasis Energy (ppl) - 24 months 8.27 

Oasis Energy (ppl) - 36 months 8.32 

ThinkEnergy (ppl) - 24 months 8.4 

ThinkEnergy (ppl) - 36 months 8.9 

Oasis Energy (ppl) - 36 months 9.07 

Xoom Energy (ppl) - 12 months 9.49 

Public Power (ppl) - 12 months 9.99 

Xoom Energy (ppl) - 12 months, clean 9.59 

ThinkEnergy (duquesne light) - 24 months 7.1 

Oasis Energy (duquesne light) - 24 months 7.24 

Oasis Energy (duquesne light) - 36 months 7.38 

Oasis Energy (duquesne light) - 36 months, clean 7.6 

Constellation (duquesne light) - 24 months 8.29 

Constellation (duquesne light) - 36 months 8.49 

Xoom Energy (duquesne light) - 24 months 8.5 

Public Power (duquesne light) 8.69 
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Table 12:  Natural Gas Estimates Near the LSR Dams [65] 

Residential Estimates near Conowingo, MD - zip:  21918 
  

Company (supplier) - term plan 
Price (dollars per 
therm) 

Price (dollars per 
million Btu) 

Gateway Direct Energy (washington gas) - 18 
months 0.469 4.69 

Xoom Energy (washington gas) - 12 months 0.499 4.99 

Xoom Energy (washington gas) - 24 months 0.559 5.59 

Constellation (washington gas) - 36 months 0.569 5.69 

Constellation (washington gas) - 24 months 0.579 5.79 

Constellation (washington gas) - 12 months 0.589 5.89 

Oasis Energy (bge) - 12 months 0.499 4.99 

Oasis Energy (bge) - 24 months 0.538 5.38 

Direct Energy (bge) - 18 months 0.549 5.49 

Direct Energy (bge) - 12 months 0.559 5.59 

Gateway Direct Energy (bge) - 18 months 0.579 5.79 

Constellation (bge) - 36 months 0.579 5.79 

Oasis Energy (bge) - 36 months 0.579 5.79 

Constellation (bge) - 24 months 0.589 5.89 

Xoom Energy (bge) - 12 months 0.599 5.99 

Oasis Energy (bge) - 12 months 0.629 6.29 

Direct Energy (bge) - 24 months 0.679 6.79 

Direct Energy (bge) - 36 months 0.679 6.79 

      

Residential Estimates near Holtwood, PA - zip:  17532 
  

Company (supplier) - term plan 
Price (cents per 
therm) 

Price (dollars per 
million Btu) 

Xoom Energy (columbia gas of PA) - 12 months 0.469 4.69 

Direct Energy (columbia gas of PA) - 18 months 0.479 4.79 

Direct Energy (columbia gas of PA) - 12 months 0.489 4.89 

Constellation (columbia gas of PA) - 24 months 0.492 4.92 

North American Power (columbia gas of PA) - 12 
months 0.499 4.99 

Direct Energy (columbia gas of PA) - 36 months 0.579 5.79 

Direct Energy (columbia gas of PA) - 24 months 0.579 5.79 

Just Energy (columbia gas of PA) - 12 months 0.599 5.99 

Oasis Energy (peco) - 12 months 0.487707317 4.877073171 

Oasis Energy (peco) - 24 months 0.528780488 5.287804878 

North American Power (peco) - 12 months 0.535609756 5.356097561 

Xoom Energy (peco) - 12 months 0.545365854 5.453658537 

Oasis Energy (peco) - 12 months 0.564878049 5.648780488 
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North American Power (national fuel) - 12 
months 0.43804878 4.380487805 

Xoom Energy (national power) - 12 months 0.584390244 5.843902439 

      

Residential Estimates near Conestoga, PA - zip:  17516 
 

Company (supplier) - term plan 
Price (cents per 
therm) 

Price (dollars per 
million Btu) 

Xoom Enegy (columbia gas of PA) -12 months 0.469 4.69 

Direct Energy (columbia gas of PA) - 18 months 0.479 4.79 

Direct Energy (columbia gas of PA) - 12 months 0.489 4.89 

Constellation (columbia gas of PA) - 24 months 0.492 4.92 

North American Power (columbia gas of PA) - 12 
months 0.499 4.99 

Direct Energy (columbia gas of PA) - 36 months 0.579 5.79 

Direct Energy (columbia gas of PA) - 24 months 0.579 5.79 

Just Energy (columbia gas of PA) - 12 months 0.599 5.99 

North American Power (national fuel) - 12 
months 0.43804878 4.380487805 

Xoom Enegy (national fuel) - 12 months 0.584390244 5.843902439 

Oasis Energy (peco) - 12 months 0.487707317 4.877073171 

Oasis Energy (peco) - 24 months 0.528780488 5.287804878 

North American Power (peco) - 12 months 0.535609756 5.356097561 

Xoom Energy (peco) - 12 months 0.545365854 5.453658537 

Oasis Energy (peco) - 12 months 0.564878049 5.648780488 

Oasis Energy (peco) - 24 months 0.585268293 5.852682927 
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Table 13:  Market Revenue Estimates for Glass Slag and EcoMelt 

 

Market Revenue Estimates for Glass Slag 

Average Price of Coal Slag (per ton):  203.20 

Percent of Average Price (per ton) 

0.5 $101.60 

0.55 $111.76 

0.6 $121.92 

0.65 $132.08 

0.7 $142.24 

0.75 $152.40 

0.8 $162.56 

0.85 $172.72 

0.9 $182.88 

0.95 $193.04 

1.00 $203.20 

 

 

Market Revenue Estimates for EcoMelt 

Average Price of Portland Cement (per ton):  107.50 

Percent of Average Price (per ton) 

0.5 $53.75 

0.55 $59.13 

0.6 $64.50 

0.65 $69.88 

0.7 $75.25 

0.75 $80.63 

0.8 $86.00 

0.85 $91.38 

0.9 $96.75 

0.95 $102.13 

1.00 $107.50 
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Table 14:  Dredging Companies Market Research 

 

Dredging Company Market Research 

Dredging Company 
Type of Dredging and 
Location Website 

Cottrell Contracting Hydraulic Dredging; in VA 
http://www.cottrellcontracting.com/contact-cottrell-
contracting-corporation/ 

Marinex 
Construction, Inc 

Hydraulic Dredging; in South 
Carolina http://www.marinexconstruction.com/contact.html 

Dredge America 
Hydraulic Dredging; in MO 
and FL 

http://www.dredgeamerica.com/contact-dredge-
america.html 

Marine Tech LLC 
Hydraulic and Mechanical; in 
Minnesota http://www.marinetechduluth.com/contact.shtml 

Manson 
Construction Co 

Hydraulic and Mechanical; 
various locations http://www.mansonconstruction.com/contact-us 

Southern Dredging Dredging; in South Carolina http://www.southerndredging.net/contact.asp 

Portable Barge 
Service 

Dredging; maybe both, in 
Minnesota http://www.portablebarge.com/contact/ 

Mobile Dredging and 
Pumping Co Hydraulic Dredging; in MD http://mobiledredging.com/contact.php 

Great Lakes Dredge 
and Dock 

Hydraulic and Mechanical; in 
IL http://www.gldd.com/contact-us/ 

John H Norris and 
Sons Inc 

Maybe both dredging, ask; in 
MD http://www.johnhnorrisandsonsinc.com/contactus.html 

Norfolk Dredging 
Company Maybe both; in VA http://www.norfolkdredging.com/contact-us 

Central Marine 
Construction Mechanical Dredging; in MD http://www.centralmarineonline.com/contactus/ 

CashMan Dredging Maybe both; in MA http://www.cashmandredging.com/contact/ 

Sevenson 
Environmental 
Services, Inc Maybe both; in NY http://www.sevenson.com/index.php/contact-us/ 

Groh Dredging LLC 
Hydraulic and Mechanical; in 
Mid-West http://midwestdredging.com/contact.html 

Toth Brothers 
Cleaning and 
Dredging Inc Maybe both, in PA http://www.tothbrothers.com/office.php 

Harbor Dredge and 
Dock Maybe both, in VA http://www.harbordredge.com/ 

JF Brennan 
Specialize in Environmental 
Dredging; in Wisconsin http://www.jfbrennan.com/contact-us/ 
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Table 15:  Baseline Dredging Estimates from the LSRWA Study (Hydraulic Dredging) [66] 

 

Dredging Cost Estimates 
Type of Setup:  Alternative 3A (Hydraulic Dredging from Conowingo Dam directly to a deposit  

cy (annual)   1,000,000 3,000,000 5,000,000 

Physical 
Description 

Sediment to be 
removed, cubic 
yards 1,000,000 cy/year 3,000,000 cy/year 5,000,000 cy/year 

Sediment to be 
removed, tons 810,000 tons 2,430,000 tons 4,050,000 tons 

Type of dredging Hydraulic Hydraulic Hydraulic 

Transportation 
Method Pipeline Pipeline Pipeline 

Distance to be 
transported, 
miles 13 13 13 

Location/type of 
containment site Manufacturing Plant Manufacturing Plant Manufacturing Plant 

Final destination 
of material Manufacturing Plant Manufacturing Plant Manufacturing Plant 

Number of 
dredging cycles 
before capacity 
of facility is 
reached N/A N/A N/A 

Land to be 
purchased, acres 1 to 2 1 to 2 1 to 2 

Production 
Calculations 

Volume to be 
removed, cubic 
yards 1,000,000 3,000,000 5,000,000 

Volume in 
pipeline (4x), 
cubic yards 4,000,000 12,000,000 20,000,000 

Volume to be 
disposed of, 
cubic yards N/A N/A 7,500,000 

Number of 
dredges 1 3 5 

Number of 
pipelines 1 3 5 

Number of barge 
loads per day N/A N/A N/A 

Number of truck 
loads per day N/A N/A N/A 
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Dike volume, 
cubic yards N/A N/A N/A 

Booster pumps 
required 12 36 60 

Months of 
operation Year-round Year-round Year-round 

Actual 
operational time, 
days per year 250 250 250 

Total sediment 
removal capacity, 
cubic yards per 
day 4,000 12,000 20,000 

    Low High Low High Low High 

One-Time 
Investment 

Costs $ 

Real estate/land 
purchase $10,000 $40,000 $10,000 $40,000 $10,000 $40,000 

Design and study 
costs $2,000,000 $5,000,000 $2,000,000 $5,000,000 $2,000,000 $5,000,000 

Booster pump 
construction $3,600,000 $3,600,000 $10,800,000 $10,800,000 $18,000,000 $18,000,000 

Permanent 
pipeline 
construction $2,100,000 $3,400,000 $6,200,000 $10,100,000 $10,400,000 $16,900,000 

Total $7,710,000 $12,040,000 $19,010,000 $25,940,000 $30,410,000 $39,940,000 

Removal 
Costs $ 

Dredging + 
transportation $20,000,000 $25,000,000 60,000,000 75,000,000 100,000,000 125,000,000 

Construction, 
design, and 
management $1,000,000 $2,000,000 1,000,000 2,000,000 1,000,000 2,000,000 

Total $21,000,000 $27,000,000 $61,000,000 $77,000,000 $101,000,000 $127,000,000 

Cost per 
Cubic Yard 

$  

One-time 
investment cost 
($/cy) $7.71 $12.04 $6.34 $8.65 $6.08 $7.99 

Annual removal 
cost ($/cy/year) $21 $27 $20.33 $25.67 $20.20 $25.40 

Annual removal 
cost ($/ton/year) $25.93 $33.33 $25.10 $31.69 $24.94 $31.36 

Total annual cost 
($/cy/year) $29 $39 $27 $34 $26 $33 
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Table 16:  Dredging Removal and Transport and Initial Investment Extrapolations per Mile 

Traveled (Hydraulic Dredging) 

 

Removal and Transport Cost Per Ton 
Miles Net Removal/Transport 

Cost (low) 
Net Removal/Transport Cost 
(high) 

0 $10.4 $17.4 

1 $11.6 $18.6 

2 $12.8 $19.8 

3 $14.0 $21.0 

4 $15.2 $22.2 

5 $16.4 $23.4 

6 $17.6 $24.6 

7 $18.8 $25.8 

8 $20.0 $27.0 

9 $21.2 $28.2 

10 $22.4 $29.4 

11 $23.6 $30.6 

12 $24.8 $31.8 

13 $26.0 $33.0 

14 $27.2 $34.2 

15 $28.4 $35.4 

 

Dredging Initial Investment:  Amount:  1 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $4,450,000 $8,282,000 

1 $4,700,000 $8,568,000 

2 $4,950,000 $8,854,000 

3 $5,200,000 $9,140,000 

4 $5,450,000 $9,426,000 

5 $5,700,000 $9,712,000 

6 $5,950,000 $9,998,000 

7 $6,200,000 $10,284,000 

8 $6,450,000 $10,570,000 

9 $6,700,000 $10,856,000 

10 $6,950,000 $11,142,000 

11 $7,200,000 $11,428,000 

12 $7,450,000 $11,714,000 

13 $7,700,000 $12,000,000 

14 $7,950,000 $12,286,000 
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15 $8,200,000 $12,572,000 

      

Dredging Initial Investment:  Amount:  3 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $8,090,000.0 $13,070,000.0 

1 $8,930,000.0 $14,060,000.0 

2 $9,770,000.0 $15,050,000.0 

3 $10,610,000.0 $16,040,000.0 

4 $11,450,000.0 $17,030,000.0 

5 $12,290,000.0 $18,020,000.0 

6 $13,130,000.0 $19,010,000.0 

7 $13,970,000.0 $20,000,000.0 

8 $14,810,000.0 $20,990,000.0 

9 $15,650,000.0 $21,980,000.0 

10 $16,490,000.0 $22,970,000.0 

11 $17,330,000.0 $23,960,000.0 

12 $18,170,000.0 $24,950,000.0 

13 $19,010,000.0 $25,940,000.0 

14 $19,850,000.0 $26,930,000.0 

15 $20,690,000.0 $27,920,000.0 

      

Dredging Initial Investment:  Amount:  5 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $10,390,000.0 $16,150,000.0 

1 $11,930,000.0 $17,980,000.0 

2 $13,470,000.0 $19,810,000.0 

3 $15,010,000.0 $21,640,000.0 

4 $16,550,000.0 $23,470,000.0 

5 $18,090,000.0 $25,300,000.0 

6 $19,630,000.0 $27,130,000.0 

7 $21,170,000.0 $28,960,000.0 

8 $22,710,000.0 $30,790,000.0 

9 $24,250,000.0 $32,620,000.0 

10 $25,790,000.0 $34,450,000.0 

11 $27,330,000.0 $36,280,000.0 

12 $28,870,000.0 $38,110,000.0 

13 $30,410,000.0 $39,940,000.0 

14 $31,950,000.0 $41,770,000.0 

15 $33,490,000.0 $43,600,000.0 
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Table 17:  Potential Sites for Processing Plants 

 

Locations near the Conowingo Dam 

Address Coordinates Description 
Size 

(acres) 
Distan

ce 
Acquirability Side 

171 School 
House Ln 

Conowingo, 
MD 21918 

39.675014,  
-76.181331 

Forest, would 
require 

deforestation 
costs 

188.29 2 mile High East 

2535 Silver 
Rd 

Darlington, 
MD 

39.640744,  
-76.171237 

Farmland 184.15 3 miles High West 

280 
Eckman Ln 

Conowingo, 
MD 

39.716071,  
-76.218456 

Farmland, 
located on 
border of 

MD, PA. Few 
buildings on 

property 

100.88 9 miles Med East 

n/a 
Drumore, 

PA 
39.772815,  
-76.244459 

All farmland 
in this area.  

Likely a lower 
cost per acre 

price 

118.08 

17 
miles 
(10 

from 
Holtwo

od) 

High East 

Bainbridge 
Naval Base 

Port 
Deposit, 

MD 
n/a 

Government 
owned but 
abandoned 

big 
enough 

3 miles Low East 

        

Locations Near the Holtwood Dam 

Address Coordinates Description 
Size 

(acres) 
Distan

ce 
Acquirability Side 

162 
Pinnacle 
Rd W 

Holtwood, 
PA 

39.846517,  
-76.331813 

Farmland 
and some 

forest, 
nothing 

really around 
it 

199.85 3 miles High East 

n/a 

Furnace 
Run 

39.861323,  
-76.403516 

Seems like 
empty 

farmland/for
est, but may 
be divided by 

a stream 

132.81 7 miles Med West 
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n/a 

Martic, PA 
39.814809, 
 -76.306853 

Forest 129.2 3 miles Med West 

        

Locations Near the Safe Harbor Dam 

Address Coordinates Description 
Size 

(acres) 
Distan

ce 
Acquirability Side 

n/a 
Chanceford
, PA 

39.915838,  
-76.419359 

Forest next 
to farmland, 
very empty 

285.26 2 mile High West 

n/a 

Manor, PA 
39.934543,  
-76.394059 

Forest next 
to farmland, 
very empty 

157.76 2 miles High East 

Weise 
Island 

Conestoga, 
PA 

39.895950, 
 -76.376766 

Island 
upstream 

from 
Holtwood 

Dam, could 
take a barge 

right to it, 
but would 

require 
additional 
transport 

costs 

56.08 4 miles Low 
Midd

le 

 

  



179 
 

Table 18:  Potential Sites for Processing Plants (maps) 

 

map:  1 Conowingo 1 - 188.29 acres 

 

map:  2 Conowingo 2 - 184.15 acres 
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map:  3 Conowingo 3 - 100.88 acres 

 

map:  4 Conowingo 4 - 118.08 acres 



181 
 

 

map:  5 Holtwood 1 - 199.85 acres 

 

 

map:  6 Holtwood 2 - 132. 81 acres 
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map:  7 Holtwood 3 - 129.20 acres 

 

map:  8 Safe Harbor 1 - 285.26 
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map:  9 Safe Harbor 2 - 157.76 

 

map:  10 Safe Harbor 3 - 56.08 
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Table 19:  Land Cost Research 

Holtwood 

Listing Date Name Location Cost Acres Cost per Acre 

10/1/2014 Hilldale Holtwood, Pennsylvania 65,000.00 1.3 $50,000 

1/7/2015 250 Magnolia Dr Holtwood, Pennsylvania 219,000.00 19.49 $11,237 

11/17/2014 Holtwood Road Holtwood, Pennsylvania 284,500.00 24.9 $11,426 

8/22/2014 Midvale Road Airville, Pennsylvania 14,900.00 0.69 $21,594 

   Average $23,564 

   Std. Dev. $18,276 

Safe Harbor 

Listing Date Name Location Cost Acres Cost per Acre 

9/10/2014 Shenks Ferry Rd Conestoga, Pennsylvania 325,000.00 15.3 $21,242 

1/30/2015 River Rd Conestoga, Pennsylvania 274,900.00 20.9 $13,153 

2/25/2015 3930 Main St Conestoga, Pennsylvania 119,000.00 2.76 $43,116 

   Average $25,837 

   Std. Dev. $15,501 

Conowingo 

Listing Date Name Location Cost Acres Cost per Acre 

3/21/2015 3680 Love Rd Darlington, Maryland 175,000.00 5.54 $31,588 

3/21/2015 3696 Love Rd Darlington, Maryland 175,000.00 5.54 $31,588 

2/23/2015 Flintville Rd Darlington, Maryland 185,000.00 13.63 $13,573 

2/23/2015 1911 Glen Cove Rd Darlington, Maryland 100,000.00 2.34 $42,735 

2/5/2015 Day Rd Darlington, Maryland 192,900.00 4.7 $41,043 

9/9/2014 4147 Conowingo Rd Darlington, Maryland 115,000.00 8.46 $13,593 

   Average $29,020 

   Std. Dev. $12,825 
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Table 20:  Baseline Dredging Estimates from the LSRWA Study (Mechanical Dredging) [66] 

Mechanical Dredging Baseline Estimates  
Type of Setup:  Alternative 3B (Mechanical dredging directly to a deposit site) 

cy (annual)   1,000,000 3,000,000 5,000,000 

Physical 
Description 

Sediment to be 
removed, cubic 
yards 1,000,000 cy/year 3,000,000 cy/year 5,000,000 cy/year 

Sediment to be 
removed, tons 810,000 tons 2,430,000 tons 4,050,000 tons 

Type of 
dredging Mechanical Mechanical Mechanical 

Transportation 
Method Barge + transfer + trucking 

Barge + transfer + 
trucking Barge + transfer + trucking 

Distance to be 
transported, 
miles 14 14 14 

Location/type 
of containment 
site Transfer Site Transfer Site Transfer Site 

Final 
destination of 
material Quarry Quarry Quarry 

Number of 
dredging cycles 
before capacity 
of facility is 
reached N/A N/A N/A 

Land to be 
purchased, 
acres 15 44 72 

Production 
Calculations 

Volume to be 
removed, cubic 
yards 1,000,000 3,000,000 5,000,000 

Volume in 
pipeline (4x), 
cubic yards N/A N/A N/A 

Volume to be 
disposed of, 
cubic yards 1,200,000 3,600,000 6,000,000 

Number of 
dredges 8 24 40 

Number of 
pipelines 0 0 0 

Number of 
barge loads per 
day 10 29 45 
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Number of 
truck loads per 
day 400 1,200 2,000 

Dike volume, 
cubic yards N/A N/A N/A 

Booster pumps 
required 0 0 0 

Months of 
operation Year-round Year-round Year-round 

Actual 
operational 
time, days per 
year 250 250 250 

Total sediment 
removal 
capacity, cubic 
yards per day 4,000 12,000 20,000 

    Low High Low High Low High 

One-Time 
Investment 

Costs $ 

Real estate/land 
purchase $150,000 $300,000 $440,000 $880,000 $720,000 $1,440,000 

Design and 
study costs $2,000,000 $5,000,000 $2,000,000 $5,000,000 $2,000,000 $5,000,000 

Booster pump 
construction $0 $0 $0 $0 $0 $0 

Permanent 
pipeline 
construction $0 $0 $0 $0 $0 $0 

Total $2,150,000 $5,300,000 $2,440,000 $5,880,000 $2,720,000 $6,440,000 

Removal 
Costs $ 

Dredging + 
transportation $40,000,000 $70,000,000 120,000,000 210,000,000 200,000,000 350,000,000 

Construction, 
design, and 
management $1,000,000 $2,000,000 1,000,000 2,000,000 1,000,000 2,000,000 

Total $41,000,000 $72,000,000 $121,000,000 $212,000,000 $201,000,000 $352,000,000 

Cost per 
Cubic Yard 

$  

One-time 
investment cost 
($/cy) $2.15 $5.30 $0.81 $1.96 $0.54 $1.29 

Annual removal 
cost ($/cy/year) $41 $72 $40.33 $70.67 $40.20 $70.40 

Annual removal 
cost 
($/ton/year) $50.62 $88.89 $49.79 $87.24 $49.63 $86.91 

Total annual 
cost ($/cy/year) $43 $77 $41 $73 $41 $72 
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Table 21:  Dredging Removal and Transport and Initial Investment Extrapolations per Mile 

Traveled (Mechanical Dredging) 

 

Removal and Transport Cost Per Ton 

Miles Net 
Removal/Transport 
Cost (low) 

Net 
Removal/Transport 
Cost (high) 

0 $0.0 $0.0 

1 $2.9 $5.0 

2 $5.7 $10.0 

3 $8.6 $15.0 

4 $11.4 $20.0 

5 $14.3 $25.0 

6 $17.1 $30.0 

7 $20.0 $35.0 

8 $22.9 $40.0 

9 $25.7 $45.0 

10 $28.6 $50.0 

11 $31.4 $55.0 

12 $34.3 $60.0 

13 $37.1 $65.0 

14 $40.0 $70.0 

15 $42.9 $75.0 

16 $45.7 $80.0 

17 $48.6 $85.0 

18 $51.4 $90.0 

19 $54.3 $95.0 

20 $57.1 $100.0 

21 $60.0 $105.0 

22 $62.9 $110.0 

23 $65.7 $115.0 

24 $68.6 $120.0 

25 $71.4 $125.0 

26 $74.3 $130.0 

27 $77.1 $135.0 

28 $80.0 $140.0 

29 $82.9 $145.0 

30 $85.7 $150.0 
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Dredging Initial Investment:  Amount:  1 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $0 $0 

1 $153,571 $378,571 

2 $307,143 $757,143 

3 $460,714 $1,135,714 

4 $614,286 $1,514,286 

5 $767,857 $1,892,857 

6 $921,429 $2,271,429 

7 $1,075,000 $2,650,000 

8 $1,228,571 $3,028,571 

9 $1,382,143 $3,407,143 

10 $1,535,714 $3,785,714 

11 $1,689,286 $4,164,286 

12 $1,842,857 $4,542,857 

13 $1,996,429 $4,921,429 

14 $2,150,000 $5,300,000 

15 $2,303,571 $5,678,571 

16 $2,457,143 $6,057,143 

17 $2,610,714 $6,435,714 

18 $2,764,286 $6,814,286 

19 $2,917,857 $7,192,857 

20 $3,071,429 $7,571,429 

21 $3,225,000 $7,950,000 

22 $3,378,571 $8,328,571 

23 $3,532,143 $8,707,143 

24 $3,685,714 $9,085,714 

25 $3,839,286 $9,464,286 

26 $3,992,857 $9,842,857 

27 $4,146,429 $10,221,429 

28 $4,300,000 $10,600,000 

29 $4,453,571 $10,978,571 

30 $4,607,143 $11,357,143 

Dredging Initial Investment:  Amount:  3 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $0 $0 

1 $174,286 $420,000 

2 $348,571 $840,000 

3 $522,857 $1,260,000 

4 $697,143 $1,680,000 

5 $871,429 $2,100,000 



189 
 

6 $1,045,714 $2,520,000 

7 $1,220,000 $2,940,000 

8 $1,394,286 $3,360,000 

9 $1,568,571 $3,780,000 

10 $1,742,857 $4,200,000 

11 $1,917,143 $4,620,000 

12 $2,091,429 $5,040,000 

13 $2,265,714 $5,460,000 

14 $2,440,000.0 $5,880,000.0 

15 $2,614,286 $6,300,000 

16 $2,788,571 $6,720,000 

17 $2,962,857 $7,140,000 

18 $3,137,143 $7,560,000 

19 $3,311,429 $7,980,000 

20 $3,485,714 $8,400,000 

21 $3,660,000 $8,820,000 

22 $3,834,286 $9,240,000 

23 $4,008,571 $9,660,000 

24 $4,182,857 $10,080,000 

25 $4,357,143 $10,500,000 

26 $4,531,429 $10,920,000 

27 $4,705,714 $11,340,000 

28 $4,880,000 $11,760,000 

29 $5,054,286 $12,180,000 

30 $5,228,571 $12,600,000 

      

Dredging Initial Investment:  Amount:  5 million cubic yards 

Miles Initial Investment Cost Low Initial Investment Cost High 

0 $0 $0 

1 $194,286 $460,000 

2 $388,571 $920,000 

3 $582,857 $1,380,000 

4 $777,143 $1,840,000 

5 $971,429 $2,300,000 

6 $1,165,714 $2,760,000 

7 $1,360,000 $3,220,000 

8 $1,554,286 $3,680,000 

9 $1,748,571 $4,140,000 

10 $1,942,857 $4,600,000 

11 $2,137,143 $5,060,000 

12 $2,331,429 $5,520,000 

13 $2,525,714 $5,980,000 
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14 $2,720,000.0 $6,440,000.0 

15 $2,914,286 $6,900,000 

16 $3,108,571 $7,360,000 

17 $3,302,857 $7,820,000 

18 $3,497,143 $8,280,000 

19 $3,691,429 $8,740,000 

20 $3,885,714 $9,200,000 

21 $4,080,000 $9,660,000 

22 $4,274,286 $10,120,000 

23 $4,468,571 $10,580,000 

24 $4,662,857 $11,040,000 

25 $4,857,143 $11,500,000 

26 $5,051,429 $11,960,000 

27 $5,245,714 $12,420,000 

28 $5,440,000 $12,880,000 

29 $5,634,286 $13,340,000 

30 $5,828,571 $13,800,000 
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Table 22:  Maximum and Average Yield Curve Data from 2014 to 2015 [68] 

 

Maximum and Average Yield Curve Data (April 2014 to March 2015) 

Date 1 Year 2 Years 5 Years 10 years 20 years 25 years 30 years 

Apr-14 0.20 0.42 1.39 2.54 3.13 3.43 3.72 

May-14 0.19 0.41 1.31 2.34 2.94 3.24 3.54 

Jun-14 0.17 0.32 1.29 2.36 2.93 3.21 3.49 

Jul-14 0.17 0.37 1.31 2.37 2.95 3.24 3.53 

Aug-14 0.16 0.34 1.25 2.30 2.81 3.07 3.32 

Sep-14 0.17 0.38 1.23 2.29 2.77 3.01 3.25 

Oct-14 0.16 0.40 1.20 2.23 2.67 2.88 3.10 

Nov-14 0.21 0.44 1.24 2.31 2.76 2.99 3.21 

Dec-14 0.24 0.58 1.38 2.15 2.67 2.93 3.19 

Jan-15 0.28 0.56 1.36 2.06 2.50 2.72 2.94 

Feb-15 0.20 0.46 1.22 2.14 2.60 2.82 3.05 

Mar-15 0.22 0.60 1.44 2.21 2.69 2.93 3.17 

        

Average 0.20 0.44 1.30 2.28 2.78 3.04 3.29 

Standard 
Deviation  0.0362 0.09332 0.07709 0.1276 0.177176 0.204384 0.23246 
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Appendix C:  Lifecycle Cost Model Results and Sensitivity Analysis 

 

Table 1:  Initial Results for the Lifecycle Cost Model 

 

Initial Results – Average Net Present Value 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$1,584,549,000 -$174,732,100 -$830,803,500 

Plasma Vitrification: 
Moderate 

-$4,497,103,000 -$364,387,900 -$2,209,846,000 

Plasma Vitrification: 
Maximum 

-$5,977,719,000 -$500,370,600 -$3,902,192,000 

Cement-Lock: Nominal -$598,810,800 -$88,314,210 -$260,609,900 

Cement-Lock: 
Moderate -$1,704,127,000 -$136,478,400 -$706,434,900 

Cement-Lock: 
Maximum -$2,304,722,000 -$170,895,900 -$1,266,455,000 

Quarry/Landfill: 
Nominal -$689,953,300 -$138,543,700 -$768,223,600 

Quarry/Landfill: 
Moderate -$2,023,293,000 -$369,782,700 -$1,904,841,000 

Quarry/Landfill: 
Maximum -$2,658,412,000 -$535,585,600 -$3,336,954,000 

   

95% Confidence Intervals 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 
Nominal 

-$1,806,136,000 -$1,359,029,000 -$192,624,100 -$156,483,600 -$949,287,800 -$710,286,500 

Plasma 
Vitrification: 
Moderate 

-$5,105,464,000 -$3,871,011,000 -$410,220,200 -$317,010,000 -$2,514,663,000 -$1,897,378,000 

Plasma 
Vitrification: 
Maximum 

-$6,763,826,000 -$5,161,493,000 -$566,051,400 -$432,718,300 -$4,428,198,000 -$3,356,742,000 

Cement-Lock: 
Nominal -$748,482,869 -$455,102,291 -$99,042,000 -$75,438,953 -$341,284,079 -$182,729,163 

Cement-Lock: 
Moderate -$2,131,606,982 -$1,300,894,943 -$168,192,964 -$105,595,550 -$918,715,591 -$504,029,464 
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Cement-Lock: 
Maximum -$2,862,101,922 -$1,775,125,555 -$217,707,510 -$126,674,789 -$1,640,769,074 -$917,619,795 

Quarry/Landfill
: Nominal -$796,109,700 -$585,038,500 -$157,480,600 -$119,922,400 -$872,546,700 -$666,407,900 

Quarry/Landfill
: Moderate -$2,258,258,000 -$1,790,133,000 -$420,528,500 -$319,677,500 -$2,113,512,000 -$1,699,070,000 

Quarry/Landfill
: Maximum -$2,950,110,000 -$2,370,100,000 -$608,152,400 -$463,396,800 -$3,701,496,000 -$2,975,118,000 
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Table 2:  Initial Results for Lifecycle Cost Model (Combined) 

 

Initial Results – Average Net Present Value 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Combined (Conowingo, 
Holtwood, and Safe 
Harbor Dam) 

Plasma 
Vitrification: 
Nominal 

-$1,584,549,000 -$174,732,100 -$830,803,500 
-$2,590,084,600 

Plasma 
Vitrification: 
Moderate 

-$4,497,103,000 -$364,387,900 -$2,209,846,000 
-$7,071,336,900 

Plasma 
Vitrification: 
Maximum 

-$5,977,719,000 -$500,370,600 -$3,902,192,000 
-$10,380,281,600 

Cement-Lock: 
Nominal -$598,810,800 -$88,314,210 -$260,609,900 -$947,734,910 

Cement-Lock: 
Moderate -$1,704,127,000 -$136,478,400 -$706,434,900 -$2,547,040,300 

Cement-Lock: 
Maximum -$2,304,722,000 -$170,895,900 -$1,266,455,000 -$3,742,072,900 

Quarry/Landfill: 
Nominal -$689,953,300 -$138,543,700 -$768,223,600 -$1,596,720,600 

Quarry/Landfill: 
Moderate -$2,023,293,000 -$369,782,700 -$1,904,841,000 -$4,297,916,700 

Quarry/Landfill: 
Maximum -$2,658,412,000 -$535,585,600 -$3,336,954,000 -$6,530,951,600 

 

 
Lower 95% CL (minus from 
combined average) 

Upper 95% CL (add to 
combined average) 

Plasma Vitrification: Nominal $357,963,300 $364,285,500 

Plasma Vitrification: Moderate $959,010,300 $985,937,900 

Plasma Vitrification: Maximum $1,377,793,800 $1,429,328,300 

Cement-Lock: Nominal $241,074,038 $234,464,503 

Cement-Lock: Moderate $671,475,237 $636,520,343 

Cement-Lock: Maximum $978,505,606 $922,652,761 

Quarry/Landfill: Nominal $229,416,400 $225,351,800 

Quarry/Landfill: Moderate $494,381,800 $489,036,200 

Quarry/Landfill: Maximum $728,806,800 $722,336,800 
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Table 3:  Sensitivity for Demand of 75%-100% 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal -$1,660,835,000 -$180,602,800 -$871,904,600 

Plasma Vitrification: 
Moderate -$4,712,879,000 -$380,565,200 -$2,317,652,000 

Plasma Vitrification: 
Maximum -$6,260,473,000 -$523,937,500 -$4,090,841,000 

Average -$4,211,395,667 -$361,701,833 -$2,426,799,200 

    

Cement-Lock: 
Nominal -$670,700,700 -$92,319,010 -$297,485,400 

Cement-Lock: 
Moderate -$1,905,131,000 -$151,219,100 -$806,607,100 

Cement-Lock: 
Maximum -$2,567,326,000 -$192,951,000 -$1,444,628,000 

Average -$1,714,385,900 -$145,496,370 -$849,573,500 

 

 
Conowingo 

Dam 
 

Holtwood 
Dam 

 
Safe 

Harbor 
 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 

Nominal 
-$1,882,642,000 -$1,437,330,000 -$198,424,100 -$162,549,400 -$990,160,000 -$752,829,800 

Plasma 
Vitrification: 

Moderate 
-$5,321,413,000 -$4,091,768,000 -$426,226,400 -$333,874,700 -$2,620,496,000 -$2,011,257,000 

Plasma 
Vitrification: 

Maximum 
-$7,043,171,000 -$5,457,143,000 -$589,246,700 -$456,934,600 -$4,611,601,000 -$3,555,614,000 

Cement-
Lock: 

Nominal 
-$806,327,266 -$538,528,201 -$103,445,977 -$81,887,358 -$372,123,696 -$227,735,618 

Cement-
Lock: 

Moderate 
-$2,292,392,314 -$1,539,852,240 -$180,131,509 -$123,343,736 -$999,966,616 -$623,083,095 

Cement-
Lock: 

Maximum 
-$3,074,647,600 -$2,090,529,490 -$235,537,988 -$152,888,179 -$1,782,424,526 -$1,124,761,697 
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Table 4: Sensitivity Energy Price 25% discount 

 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$1,286,441,000 -$147,978,200 -$643,525,100 

Plasma Vitrification: 
Moderate 

-$3,654,295,000 -$290,638,800 -$1,718,195,000 

Plasma Vitrification: 
Maximum 

-$4,872,543,000 -$392,932,600 -$3,042,692,000 

Average -$3,271,093,000 -$277,183,200 -$1,801,470,700 

    

Cement-Lock: Nominal -$508,174,300 -$82,304,070 -$227,778,000 

Cement-Lock: Moderate -$1,451,700,000 -$123,238,000 -$625,271,200 

Cement-Lock: Maximum -$1,971,698,000 -$153,033,600 -$1,120,646,000 

Average -$1,310,524,100 -$119,525,223 -$657,898,400 

 

 Conowingo 
Dam 

 Holtwood 
Dam 

 Safe 
Harbor 

 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 
Nominal 

-$1,454,904,000 -$1,106,495,000 -$163,693,600 -$131,653,900 -$745,569,600 -$536,150,100 

Plasma 
Vitrification: 
Moderate 

-$4,115,956,000 -$3,151,832,000 -$330,463,000 -$248,786,200 -$1,979,392,000 -$1,443,500,000 

Plasma 
Vitrification: 
Maximum 

-$5,463,398,000 -$4,218,151,000 -$449,855,500 -$332,467,500 -$3,497,569,000 -$2,563,666,000 

Cement-Lock: 
Nominal 

-$658,233,732 -$367,137,531 -$94,329,915 -$70,953,040 -$308,164,506 -$151,880,727 

Cement-Lock: 
Moderate 

-$1,873,483,965 -$1,051,236,155 -$155,040,472 -$93,160,645 -$833,392,591 -$421,255,105 

Cement-Lock: 
Maximum 

-$2,527,332,886 -$1,449,835,634 -$198,942,447 -$108,820,020 -$1,490,455,742 -$773,027,196 
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Table 5: Sensitivity Energy Price 50% discount (only Plasma Vitrification) 

 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$888,939,200 -$119,313,300 -$442,886,400 

Plasma Vitrification: 
Moderate 

-$2,530,546,000 -$211,624,200 -$1,191,448,000 

Plasma Vitrification: 
Maximum 

-$3,399,076,000 -$277,818,200 -$2,121,792,000 

Average -$2,272,853,733 -$202,918,567 -$1,252,042,133 

    

Cement-Lock: Nominal -$509,542,000 -$82,265,640 -$227,756,300 

Cement-Lock: Moderate -$1,451,792,000 -$123,953,700 -$621,465,500 

Cement-Lock: Maximum -$1,973,330,000 -$153,606,400 -$1,121,774,000 

Average -$1,311,554,667 -$119,941,913 -$656,998,600 

 

 Conowingo 
Dam 

 Holtwood 
Dam 

 Safe 
Harbor 

 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 

Nominal 
-$1,030,846,000 -$728,869,300 -$132,379,500 -$105,356,400 -$523,268,100 -$353,485,300 

Plasma 
Vitrification: 

Moderate 
-$2,925,689,000 -$2,078,755,000 -$243,462,900 -$176,043,800 -$1,400,888,000 -$958,744,900 

Plasma 
Vitrification: 

Maximum 
-$3,913,096,000 -$2,810,729,000 -$323,151,200 -$226,696,400 -$2,485,314,000 -$1,714,796,000 

Cement-Lock: 
Nominal 

-$657,871,919 -$367,239,467 -$94,344,227 -$70,930,814 -$308,299,483 -$151,625,874 

Cement-Lock: 
Moderate 

-$1,872,844,990 -$1,050,616,716 -$155,254,597 -$92,982,757 -$833,914,145 -$421,662,904 

Cement-Lock: 
Maximum 

-$2,527,148,055 -$1,450,986,608 -$198,852,490 -$108,985,445 -$1,490,708,380 -$769,107,258 
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Table 6: Sensitivity Market Price 80% to 90% 

 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$1,525,493,000 -$170,189,300 -$799,012,400 

Plasma Vitrification: 
Moderate 

-$4,330,201,000 -$351,868,200 -$2,126,329,000 

Plasma Vitrification: 
Maximum 

-$5,758,831,000 -$482,128,700 -$3,756,302,000 

Average -$3,871,508,333 -$334,728,733 -$2,227,214,467 

    

Cement-Lock: Nominal -$547,337,300 -$83,025,190 -$231,990,500 

Cement-Lock: Moderate -$1,561,823,000 -$125,211,800 -$634,601,500 

Cement-Lock: Maximum -$2,117,978,000 -$155,544,100 -$1,147,699,000 

Average -$1,409,046,100 -$121,260,363 -$671,430,333 

 

 Conowingo 
Dam 

 Holtwood 
Dam 

 Safe 
Harbor 

 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 
Nominal 

-$1,748,268,000 -$1,295,571,000 -$188,243,000 -$151,539,200 -$919,885,400 -$675,581,100 

Plasma 
Vitrification: 
Moderate 

-$4,951,058,000 -$3,689,141,000 -$398,719,100 -$303,667,000 -$2,435,540,000 -$1,805,834,000 

Plasma 
Vitrification: 
Maximum 

-$6,563,595,000 -$4,922,679,000 -$549,140,800 -$412,712,400 -$4,291,545,000 -$3,197,350,000 

Cement-Lock: 
Nominal 

-$709,219,651 -$394,198,505 -$95,969,045 -$70,738,606 -$319,864,489 -$149,979,305 

Cement-Lock: 
Moderate 

-$2,019,484,225 -$1,129,316,318 -$159,774,618 -$92,538,994 -$863,957,870 -$418,797,630 

Cement-Lock: 
Maximum 

-$2,719,332,546 -$1,550,064,387 -$205,590,046 -$108,171,647 -$1,543,141,665 -$765,246,324 
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Table 7: Sensitivity Market Price 90% to 100% 

 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$1,446,728,000 -$164,133,200 -$756,616,200 

Plasma Vitrification: 
Moderate 

-$4,107,518,000 -$335,166,400 -$2,015,052,000 

Plasma Vitrification: 
Maximum 

-$5,466,824,000 -$457,801,600 -$3,561,684,000 

Average -$3,673,690,000 -$319,033,733 -$2,111,117,400 

    

Cement-Lock: Nominal -$479,228,800 -$77,737,070 -$195,852,500 

Cement-Lock: Moderate -$1,367,018,000 -$109,566,900 -$538,302,600 

Cement-Lock: Maximum -$1,811,961,000 -$134,425,000 -$976,967,100 

Average -$1,219,402,600 -$107,242,990 -$570,374,067 

 

 Conowingo 
Dam 

 Holtwood 
Dam 

 Safe 
Harbor 

 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 
Nominal 

-$1,677,003,000 -$1,206,563,000 -$182,793,700 -$144,846,100 -$880,742,100 -$626,948,800 

Plasma 
Vitrification: 
Moderate 

-$4,745,561,000 -$3,439,311,000 -$383,157,000 -$284,522,400 -$2,333,918,000 -$1,680,115,000 

Plasma 
Vitrification: 
Maximum 

-$6,295,772,000 -$4,588,066,000 -$527,020,900 -$385,053,500 -$4,112,639,000 -$2,982,567,000 

Cement-Lock: 
Nominal 

-$657,069,592 -$310,559,576 -$91,918,583 -$64,322,594 -$291,733,703 -$104,788,764 

Cement-Lock: 
Moderate 

-$1,872,544,166 -$890,012,591 -$148,668,096 -$74,628,549 -$789,913,418 -$299,440,761 

Cement-Lock: 
Maximum 

-$2,523,407,072 -$1,235,661,133 -$189,694,628 -$81,962,030 -$1,415,584,689 -$557,019,441 
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Table 8: Sensitivity Market Price 100% 

 

 Conowingo Dam Holtwood Dam Safe Harbor Dam 

Plasma Vitrification: 
Nominal 

-$1,407,353,000 -$161,103,300 -$735,410,300 

Plasma Vitrification: 
Moderate 

-$3,996,178,000 -$326,816,200 -$1,959,390,000 

Plasma Vitrification: 
Maximum 

-$5,320,878,000 -$445,638,100 -$3,464,367,000 

Average -$3,574,803,000 -$311,185,867 -$2,053,055,767 

    

Cement-Lock: Nominal -$444,655,500 -$75,067,920 -$177,321,400 

Cement-Lock: Moderate -$1,270,178,000 -$103,377,800 -$489,909,100 

Cement-Lock: Maximum -$1,736,530,000 -$123,826,100 -$894,570,100 

Average -$1,150,454,500 -$100,757,273 -$520,600,200 

 

 Conowingo 
Dam 

 Holtwood 
Dam 

 Safe 
Harbor 

 

 Lower CL Upper CL Lower CL Upper CL Lower CL Upper CL 

Plasma 
Vitrification: 
Nominal 

-$1,639,935,000 -$1,163,343,000 -$179,961,000 -$141,562,100 -$860,891,500 -$603,921,300 

Plasma 
Vitrification: 
Moderate 

-$4,644,317,000 -$3,314,022,000 -$375,566,400 -$275,463,700 -$2,282,081,000 -$1,620,431,000 

Plasma 
Vitrification: 
Maximum 

-$6,161,538,000 -$4,425,023,000 -$515,938,200 -$370,744,100 -$4,024,323,000 -$2,871,106,000 

Cement-Lock: 
Nominal 

-$630,718,288 -$268,580,475 -$89,819,732 -$61,114,695 -$277,450,041 -$82,719,786 

Cement-Lock: 
Moderate 

-$1,797,295,000 -$776,975,754 -$142,899,150 -$65,829,155 -$752,116,558 -$241,292,219 

Cement-Lock: 
Maximum 

-$2,426,877,848 -$1,083,235,554 -$181,421,500 -$68,914,396 -$1,349,610,128 -$456,125,322 
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Table 9:  Utility vs. Cost Analysis Results 

 

Alternatives Time Suit. Per. Utility Cost 

Dam Product 
Dredging 
Quantity 

10% 30% 60% 100% Low Med High 

C
o

n
o

w
in

go
 

Plasma 

Nominal 0.10 0.30 0.45 0.85 $225,520,000 $1,584,549,000 $221,587,000 

Moderate 0.05 0.30 0.60 0.95 $626,092,000 $4,497,103,000 $608,361,000 

Maximum 0.00 0.30 0.55 0.85 $816,226,000 $5,977,719,000 $786,107,000 

Cement 
Lock 

Nominal 0.10 0.30 0.45 0.85 $143,708,509 $598,810,800 $149,672,069 

Moderate 0.05 0.30 0.60 0.95 $403,232,057 $1,704,127,000 $427,479,982 

Maximum 0.00 0.30 0.55 0.85 $529,596,445 $2,304,722,000 $557,379,922 

Quarry 

Nominal 0.10 0.00 0.45 0.55 $104,914,800 $689,953,300 $106,156,400 

Moderate 0.05 0.00 0.60 0.65 $233,160,000 $2,023,293,000 $234,965,000 

Maximum 0.00 0.00 0.55 0.55 $288,312,000 $2,658,412,000 $291,698,000 

H
o

lt
w

o
o

d
 

Plasma 

Nominal 0.10 0.30 0.00 0.40 $18,248,500 $174,732,100 $17,892,000 

Moderate 0.05 0.30 0.01 0.36 $47,377,900 $364,387,900 $45,832,300 

Maximum 0.00 0.30 0.01 0.31 $67,652,300 $500,370,600 $65,680,800 

Cement 
Lock 

Nominal 0.10 0.30 0.00 0.40 $12,875,257 $88,314,210 $10,727,790 

Moderate 0.05 0.30 0.01 0.36 $30,882,850 $136,478,400 $31,714,564 

Maximum 0.00 0.30 0.01 0.31 $44,221,111 $170,895,900 $46,811,610 

Quarry 

Nominal 0.10 0.00 0.00 0.10 $18,621,300 $138,543,700 $18,936,900 

Moderate 0.05 0.00 0.01 0.06 $50,105,200 $369,782,700 $50,745,800 

Maximum 0.00 0.00 0.01 0.01 $72,188,800 $535,585,600 $72,566,800 

Sa
fe

 H
ar

b
o

r 

Plasma 

Nominal 0.10 0.30 0.21 0.61 $120,517,000 $830,803,500 $118,484,300 

Moderate 0.05 0.30 0.28 0.63 $312,468,000 $2,209,846,000 $304,817,000 

Maximum 0.00 0.30 0.26 0.56 $545,450,000 $3,902,192,000 $526,006,000 

Cement 
Lock 

Nominal 0.10 0.30 0.21 0.61 $77,880,737 $260,609,900 $80,674,179 

Moderate 0.05 0.30 0.28 0.63 $202,405,436 $706,434,900 $212,280,691 

Maximum 0.00 0.30 0.26 0.56 $348,835,205 $1,266,455,500 $374,314,074 

Quarry 

Nominal 0.10 0.00 0.21 0.31 $101,815,700 $768,223,600 $104,323,100 

Moderate 0.05 0.00 0.28 0.33 $205,771,000 $1,904,841,000 $208,671,000 

Maximum 0.00 0.00 0.26 0.26 $361,836,000 $3,336,954,000 $364,542,000 
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Appendix D:  Project Management:  Work Breakdown Structure, Plan, Budget 

 

Work Breakdown Structure 

The work breakdown structure is a detailed overview of the major tasks that will be performed 

throughout the project duration.  It is comprised of 6 categories:  Concept Definition, CONOPS, 

Method of Analysis/Simulation and Modeling, Utility Analysis and Recommendations, Management, 

and Documentation. 

Work Breakdown Structure for Design of SRPS for LSR Dams 

Task # Task Name Assigned to 

1 CONCEPT DEFINITION  

1.1 General Research All 

1.1.1 review last year's project All 

1.1.2 research dam mechanics All 

1.1.3 research chesapeake bay/holtwood/conowingo/safeharbor in general All 

1.2 Context Analysis Saqib 

1.2.1 gather statistics on holtwood/conowingo/safeharbor pollution on SAV Saqib 

1.2.2 gather sediment content statistics on LSR dam network Saqib 

1.2.3 gather flow rate statistics on LSR dam network Saqib 

1.2.4 gather sediment flow statistics on LSR dam network Saqib 

1.2.5 gather data on Chesapeake Bay TMDL Saqib 

1.2.6 effects of sediment on Chesapeake Bay Saqib 

1.2.7 create preliminary context analysis  Saqib 

1.2.8 revise and create final context analysis Saqib 

1.3 Stakeholder Analysis Sam/Saqib 

1.3.1 determine stakeholders for LSR dam network Sam/Saqib 

1.3.2 verify stakeholders for conowingo Sam/Saqib 

1.3.3 research stakeholder 1 Sam/Saqib 

1.3.4 research stakeholder n Sam/Saqib 

1.3.5 determine stakeholder tensions Sam/Saqib 

1.3.6 create stakeholder interactions diagram Sam/Saqib 

1.3.7 revise and create final stakeholder analysis Sam/Saqib 

1.4 Problem Statement Saqib/Ray 

1.4.1 link context information to problem Saqib/Ray 
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1.4.2 history of problem Saqib/Ray 

1.4.3 define requirements from problem statement Saqib/Ray 

1.4.4 define rough draft of problem statement Saqib/Ray 

1.4.5 revise and create final problem statement Saqib/Ray 

1.5 Need Statement Saqib/Ray 

1.5.1 discuss previous research Saqib/Ray 

1.5.2 create preliminary need statement Saqib/Ray 

1.5.3 revise and create final need statement Saqib/Ray 

1.5.4 define project scope Saqib/Ray 

   

2 CONOPS  

2.1 Requirements Saqib/Sam 

2.1.1 define mission requirements Saqib/Sam 

2.1.2 discuss requirements with sponsor Saqib/Sam 

2.1.3 refine mission requirements Saqib/Sam 

2.1.4 create final mission requirements Saqib/Sam 

2.2 Operational Scenario Sam 

2.2.1 define components of system Sam 

2.2.1 define operational scenario Sam 

2.2 System Alternatives Sam 

2.2.1 research sediment mitigation strategies Sam 

2.2.2 research dredging alternatives Sam 

2.2.3 research product processing alternatives Sam 

2.2.4 develop criteria for dredging alternatives and research Sam 

2.2.5 develop criteria for product processing alternatives and research Sam 

2.2.6 create weights for criteria and evaluate dredging and product alternatives Sam 

   

3 MOA - SIMULATION AND MODELING  

3.1 Sediment Removal Model Joel 

3.1.1 Model Research/Verification Joel 

3.1.1.1 critically review last year's model Joel 

3.1.1.2 research on modeling sediment and rivers Joel 

3.1.1.3 determine assumptions of last year's model Joel 
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3.1.1.4 determine what is necessary to extend model Joel 

3.1.1.5 determine inputs/outputs to the model Joel 

3.1.1.6 develop equations for model Joel 

3.1.1.7 gather statistical data for model Joel 

3.1.1.8 formulate statistical distributions for the model Joel 

3.1.1.9 finalize DOE for sediment model Joel 

3.1.2 Model Code Joel 

3.1.2.1 determine coding language to use for simulation Joel 

3.1.2.2 code sediment removal model Joel 

3.1.2.3 determine test cases for sediment model Joel 

3.1.2.4 run trials Joel 

3.1.3 Model Results Joel 

3.1.3.1 gather statisical results from model Joel 

3.1.3.2 graph statistical data  Joel 

3.1.3.3 determine statistical data input to other models Joel 

3.1.4 Model Validation Joel 

3.1.4.1 determine criteria to validate model Joel 

3.1.4.2 gather data or other models to validate sediment model (i.e. ACE) Joel 

3.1.4.3 validate sediment model and determine estimates of error Joel 

3.2 Product Process Model (business model) Saqib 

3.2.1 Model Research/Verification Saqib 

3.2.1.1 critically review last year's business model Saqib 

3.2.1.2 research on ways to develop a stochastic business model Saqib 

3.2.1.3 determine shortcomings of last year's model Saqib 

3.2.1.4 determine what is necessary to extend model Saqib 

3.2.1.5 determine inputs/outputs to the model Saqib 

3.2.1.6 develop equations for model Saqib 

3.2.1.7 gather statistical data (from the alternatives) for the model Saqib 

3.2.1.8 formulate statistical distributions for the model Saqib 

3.2.1.9 finalize all costs of dredging and products for model Saqib 

3.2.1.10 finalize DOE for sediment model Saqib 

3.2.2 Model Code Saqib 

3.2.2.1 determine coding language to use for simulation Saqib 
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3.2.2.2 code product process model Saqib 

3.2.2.3 determine test cases for product process model Saqib 

3.2.2.4 run trials Saqib 

3.2.3 Model Results Saqib 

3.2.3.1 gather statisical results from model Saqib 

3.2.3.2 graph statistical data  Saqib 

3.2.4 Model Validation Saqib 

3.2.4.1 determine criteria to validate model Saqib 

3.2.4.2 gather data or other models to validate business model (i.e. last year) Saqib 

3.2.4.3 validate business model and determine estimates of error Saqib 

  Saqib 

4 UTILITY ANALYSIS AND RECOMMENDATIONS  

4.1 Value Hierarchy Saqib 

4.1.1 determine what criteria to evalulate solution against (qualitative) Saqib 

4.1.2 verify and discuss value hierarchy with sponsor Saqib 

4.2 Sensitivity Analysis Saqib 

4.2.1 sensitivity verification Saqib 

4.2.2 senstivity extension Saqib 

4.3 Utility vs. Cost Analysis Saqib 

4.3.1 utility function extension Saqib 

4.4 Recommendations Saqib 

   

5 MANAGEMENT  

5.1 Weekly Tasks All 

5.1.1 prepare agenda for weekly meetings Saqib 

5.1.2 do additional tasks assigned at meetings All 

5.1.3 complete weekly timesheets/weekly accomplishments All 

5.2 Project Plan Saqib 

5.2.1 create preliminary WBS Saqib 

5.2.2 create preliminary gantt chart Saqib 

5.2.3 determine critical path from gantt chart Saqib 

5.3 Project Budget Ray 

5.3.1 determine hourly pay rate, overhead, and other budget rates Ray 
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5.3.2 create earned value analysis Ray 

5.3.3 create SPI/CPI charts Ray 

5.4 Project Risks Ray 

5.4.1 determine risks associated with cp/project plan Ray 

5.4.2 determine risks associated with the actual project Ray 

5.4.3 develop risk mitigation strategies Ray 

   

6 DOCUMENTATION  

6.1 Project Kick-off Assignment All 

6.2 Project Briefings All 

6.2.1 prepare for project #1 briefing All 

6.2.2 revisions for project #1 briefing All 

6.2.3 prepare for project #2 briefing All 

6.2.4 revisions for project #2 briefing All 

6.2.5 prepare for project #3 briefing All 

6.2.6 revisions for project #3 briefing All 

6.2.7 prepare for project #4 briefing All 

6.2.8 revisions for project #4 briefing All 

6.3 Reports All 

6.3.1 prepare preliminary project report All 

6.3.2 prepare final project report (for 490) All 

6.3.3 prepare final project presentation (for 490) All 

6.3.4 prepare final project report (for 495) All 

6.3.5 prepare final project presentation (for 495) All 

6.4 Conferences All 

6.4.1 prepare draft IEEE conference paper All 

6.4.2 prepare draft conference poster All/Ray 

6.4.3 prepare final IEEE conference paper All 

6.4.4 prepare final conference poster Sam 

6.4.5 practice for conference presentation All 

6.5 Project Summary Video All 

6.5.1 write speech for google/youtube video All 

6.5.2 record google/youtube video Ray 
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Project Plan 

The gantt chart is the schedule of the project.  This is shown below along with the critical path 
highlighted in red. 
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Project Budget 

The budget for this project encompasses the direct labor hours of the team members over the 

entirety of the project. Our original budget assumed that our team works a total of 40 hours per 

week through the first two months, 50 hours per week through the following 2 months, 10 hours 

per week over the month of January, and then 30 hours per week for the final 4 months. 

After a re-evaluation of the length, time consumption, and importance of the project, we drafted a 

new budget, which is more in-depth and takes into account the estimated time of completion of the 

individual tasks assigned to each week. With these values and an assumed hourly rate of $20 per 

hour per team member (inflated to $48 per hour when G&A, fringe, fee, and multiplier costs are 

included), we were able to find Planned Value (PV), Actual Cost (AC), and Earned Value (EV). The 

Budget at Completion (BAC) for the full 37 weeks of the project is $68,160. Our inputs for this 

budget are the hours spent on the project (total planned hours is 1,420) and the time estimates we 

assigned to individual tasks in the WBS. 

 

Planned Value was found by multiplying the total expected number of hours worked (through the 

current week) by the hourly rate. Actual Cost was found by multiplying the hours of work done by 

the hourly rate. Earned Value was found by multiplying the BAC by the percentage of total of work 

completed. 
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Cost Performance Index (CPI) and Schedule Performance Index (SPI) represent the relationships 

between the aforementioned variables by showing the efficiency of utilizing resources and time 

spent on the project. Ratios above 1.0 are generally preferred on CPI and SPI. Our CPI vs SPI chart 

shows that the CPI and SPI have fluctuated around the goal of 1.0 throughout the semester. 


