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1.0 Context 

As water flows downstream within a river, it carries with it many types of particles. These 

particles can greatly differ with respect to their chemical and physical properties, such as size. As 

the sediment moves through the river it gets deposited based on the particles size and the water’s 

flow velocity. When mass deposition of sediment occurs in a specific area, there is potential for 

an increase in sediment scoured due to an increase in river flow. Drastic increase in river flow is 

usually caused by a major storm. One such case of this is near the mouth of the Susquehanna 

River right before it opens into the Chesapeake Bay. Conowingo Dam currently retains sediment. 

When mass amounts of this sediment are scoured, the impact of the sediment on the Chesapeake 

Bay ecosystem is significant. 

1.1 The Chesapeake Bay 

The Chesapeake Bay is the largest estuary in the United States.  An estuary is a partially 

enclosed body of water along a coast, where freshwater from rivers and streams meets and mixes 

with salt water from the ocean(U.S. EPA, n.d.).It is approximately 200 miles long, stretching 

from Havre de Grace, MD to Virginia Beach, VA. The bay, along with its tributaries, covers 

11,600 miles of shoreline. The bay is home to many plants and animals that play a large role in 

the fishing industry. Many residents also live on or by the shores of the bay, and use the bay as a 

form of recreation with boating and fishing.  During the 20
th

 century, four dams were built on the 

lower Susquehanna; the York Haven, Safe Harbor, Holtwood, and Conowingo Dams.  Despite 

the dams’ positive impact of providing clean energy to the power grid, they have contributed to 

the alteration of fish migration, the heating of the river, and the reduction in the quality of the 

river’s water(“Watershed History,” 2013).  The Conowingo Dam, which will be the focus of this 

project, is described in more detail in the next section. 

1.2 Conowingo Dam and Reservoir 

The Conowingo Dam was constructed in 1928 as a hydroelectric power source. The 

Conowingo Dam is the southernmost dam on the Susquehanna River. At the time it was built, it 

was the second largest hydroelectric plant in the nation, behind Niagara Falls.  It has 53 flood 

control gates, which are opened and closed based on the water levels at the dam(ORACLE 

ThinkQuest, 1998).  
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The reservoir created by the dam is used for drinking water, cooling water for the local 

nuclear power station, and recreational activities such as boating and fishing. While the 

Conowingo Dam traps sediment and nutrients from reaching the Chesapeake Bay, a study 

conducted by the United States Geological Survey (USGS) suggests that the reservoir will reach 

capacity around the year 2030. To be at maximum capacity means the dam will be completely 

silted up and will no longer be able to retain sediment. At that point in time sediment will begin 

to reach the bay at a at an increased steady-state.  Once this happens, it is estimated that sediment 

delivery to the Bay will increase by about 150%(Scientific and Technical Advisory Committee, 

2000). 

Watershed groups and organizations were created as a result of river water quality issues 

raised in the 1960s and 1970s. However, due to agricultural runoff and sediment deposition to 

the Bay, the water quality of the Chesapeake Bay has continued to be negatively affected by the 

sediment collected behind the dam. The environmental organizations of the Lower Susquehanna 

have taken action in the form of fines and dropped permits, as a method pollution 

deterrent(“Who We Are,” 2013). Unfortunately, recent developments in the form of over-

development, poor land use planning and the production of vast quantities of byproduct 

industrial waste, have helped thwart significant efforts to clean up the water(Scientific and 

Technical Advisory Committee, 2000).   

1.3 Sediment Content in Conowingo Reservoir 

The sediment trapped behind Conowingo Dam is composed of many elements and 

materials that have been washed downstream.  The sediment is comprised of primarily coal, silt, 

clay, zinc, sulfur, nitrogen, silver, phosphorus, pesticides and Polycyclic aromatic hydrocarbon 

(PAHs). 

1.3.1 Coal 

Coal accounts for about 11% of the total sediment content.  Before Hurricane Agnes in 1972, the 

coal coming from upriver was so concentrated and rich that it was dredged and used in power 

plants.  After the storm the richer deposits were distributed and dredging for coal in the river 

became infeasible.   
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There is evidence to support the inverse correlation between coal and coarse grained 

sediment, like silt and clay.  According to the Maryland Geological Survey, the coal displayed an 

antithetic trend in regards to clay, meaning when the content of coal generally decreased, the 

content of clay increased. High coal content also contributes to the elevation of carbon in the 

sediment(Hill & Wikel, 2008). 

1.3.2 Nitrogen  

In comparison with coal, there is a small amount of nitrogen in the sediment. Nitrogen comprises 

about 0.32% of the total sediment(Hill & Wikel, 2008).  Before Tropical Storm Lee the average 

concentration of nitrogen in Conowingo Reservoir was 1.75 mg/L.  After the storm the 

concentration in the reservoir rose as high as 10.4 mg/L.  During Hurricane Ivan, the 

concentration was almost double that at 20.1 mg/L (Hirsch, 2012).  The increased presence of 

nitrogen, along with phosphorus, contributes to high levels of algae blooms. 

1.3.3 Phosphorus 

Similar to clay, phosphorus exhibits an antithetic relationship with coal. This signifies that coal is 

diluting the more concentrated inorganic fraction of the sediment(Hill & Wikel, 2008). Similar to 

nitrogen, there is concern that during a large storm event large amount of phosphorus are 

deposited into the Chesapeake Bay.  Ultimately, the deposition of phosphorus helps contribute to 

the production of algae bloom and the decrease in subaquatic vegetation (SAV) growth. (Hill & 

Wikel, 2008) 

1.3.4 Metals 

The concentrations of metals within the sediment generally varies with depth due to the natural 

grain size induced variations and changes in loading.  In regards to their location along the river, 

areas of high velocity have coarse sediments, which have low levels of metals.  Areas of lower 

velocities have fine grain sediments with a higher concentration of metals.  These metals include 

iron, zinc, and silver(Hill & Wikel, 2008). 

1.3.5 Chesapeake Bay Total Daily Maximum Load 

The Chesapeake Bay Total Maximum Daily Load (TMDL) was established by the US 

Environmental Protection Agency (EPA) in order to help restore clean water to the Chesapeake 

Bay. The region with which the restrictions apply encompasses 64,000 square miles of watershed 

in New York, Pennsylvania, Maryland, Delaware, West Virginia, Virginia, and the District of 
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Columbia.  The TMDL is directed toward mitigating the steady state pollution of the river caused 

by agricultural means.  The TMDL limits for the Bay are as follows: 185.9 million lbs. of 

nitrogen (25% reduction), 12.5 million lbs. of phosphorus (24% reduction), and 6.45 billion lbs. 

of sediment per year (20% reduction). The limits are set to be met by 2025(US Environmental 

Protection Agency, 2011).  

The Susquehanna River has separate limits set by the EPA that need to be met. These 

lower Susquehanna contributions are as follows: 86.47 million lbs. of nitrogen, 3.79 million lbs. 

of phosphorus, and 1.97 billion lbs. of sediment per year(Helfrich, 2013). These limits were also 

given a deadline of 2025. 

1.4 Sediment and River Flow Correlation 

As mentioned earlier, the sediment deposition directly correlates with the rate at which 

the water flows.  Heavier sediment is deposited when flow rates are lower, while lighter 

sediment travels with the flow at low and high flow rates. In fluid dynamics, the number used to 

measure this strength is called the Rouse number.  

𝑅𝑜𝑢𝑠𝑒 𝑁𝑢𝑚𝑏𝑒𝑟:   
  

   
 

=Sediment fall velocity 

=shear velocity 

 =von Kármán constant 

 

The Rouse number is the ratio of sediment fall velocity (the gravitational force which encourages 

settling) to the bed shear stress (the shear forces that encourage re-suspension).  When the 

sediment’s Rouse number is lower than 1.2, that sediment is often considered suspended and is 

most susceptible to being scoured in the event of a major storm.  In addition, sediment 

concentrations with a Rouse number of less than 0.8 is considered part of the “wash load”, which 

means at that point it flows with the water as opposed to being consistently suspended or 

deposited in one area.   



7 
 

 

Figure 1: Rouse Number for Medium Silt Particles at 30,000 cfs (Scott, 2012) 

Figure 1 shows the Rouse number at different parts of the Conowingo Reservoir at a flow rate of 

30,000 cfs for medium silt particles.  The Conowingo Dam itself is represented by the black line 

at the very bottom of the graph, while the Holtwood Dam is located in the blue region near the 

top of the graph.  Most of the suspended sediment behind the dam has a Rouse number less than 

1.2 because of the higher than normal flow rate and particle type; however there are small areas 

of sediment behind the dam which has a Rouse number greater than 1.2. These areas denote 

where this particular type of sediment is trapped behind the dam.  While it may appear in the 

figure to be a small amount of sediment, it should be noted that the entirety of the reservoir 

(spanning about 10 miles) is shown and there are many different types of particles in the 

reservoir which may have larger fall velocities. (Scott, 2012).  

1.5 Steady-State and Transient State River Flow 

 River flow rate will fall into one of two categories: steady-state or transient state flow.  

Steady-state flow is defined as a river flow rate of less than 300,000 cubic feet per second (cfs).  

At this rate, sediment and nutrients enter the Chesapeake Bay at a low to moderate rate. 

Transient state flow is defined as a river flow rate of greater than or equal to 300,000 cfs.  When 

flow rates are transient sediment is displaced from within the reservoir at a greater magnitude 

than when the flow is in the steady-state. Hurricanes, tropical storms, and severe rain storms are 

all causes of an increase in flow rate. 



8 
 

1.6 Impact of Major Storms 

The biggest concern regarding the Conowingo Dam stems from the adverse effects of 

scouring events that occur during major storms.  Scouring events have been defined as storms 

that cause the flow rate of the Lower Susquehanna River to exceed 300,000 cubic feet per second 

(cfs). 

 

Figure 2: Annual Peak Water Flow at Conowingo Dam (1968-2012) (U.S. Geological 

Survey, 2013) 

Figure 2 shows the annual peak stream flow at Conowingo Dam by water year. A water year is 

defined as a period of 12 months from October 1
st
 through September 30

th
, where the water year 

is designated by the year in which September 30
th

 falls. The water years in which a scouring 

event occurs are denoted in red on the graph. Although there is a slight increase in the number of 

scouring events from 2003 to 2013 in comparison to the 10-yr periods prior, this incidence does 

not conclude that these events are occurring more frequently.  From the data, a scouring event 

occurs, on average, a little over every three years. Extremely devastating storms such as Tropical 

Storm Agnes and Tropical Storm Lee occur much less frequently. During these storms water 

flow reached over 7000,000 cfs. 
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1.6.1 Tropical Storm Agnes 

In June of 1974, Hurricane Agnes developed in the Caribbean Sea, and began to make its way 

north towards the Conowingo Dam.  By the time it reached Virginia, heading north, it had been 

weakened to a tropical storm(“Hurricane Agnes, June 14-25, 1972,” n.d.). From June 22
nd

 

through June 28
th

 the average flow rate at the dam was about 712,000 cfs, with an average of 

over 1,000,000 cfs from June 23
rd

 to June 25
th

. Approximately 44 million tons of suspended 

sediment was discharged into the Northern part of the bay between Agnes and Hurricane Eloise, 

which occurred September 20-26, 1976(Gorss, Karweit, Cronin, & Schubel, 1978).  The 

discharge of sediment resulted in extremely high concentrations of suspended sediment 

throughout the entirety of the Chesapeake Bay.  Over 38,000 square meters had to be dredged 

out of the main shipping channel below Havre de Grace, MD to restore its original depth. By 

June 29
th

, concentrations of suspended sediment eventually decreased closer to normal levels due 

to sedimentation(Zabawa & Schubel, 1974). Sedimentation is the process of deposition of a solid 

material (in this case sediment) from a state of suspension in a fluid (“sedimentation (geology),” 

n.d.). 

1.6.2 Snow Melt of 1996 

Beginning January 19, 1996, heavy rainfall coupled with the rapid melt of a snow pack that 

originated from a blizzard (Flood of 1996, n.d.) produced widespread flooding along the 

Susquehanna River Watershed (Yarnal, Johnson, Frakes, Bowles, & Pascale, 1997). The average 

flow rate at the dam due to this storm was 440,000 cfs, with a maximum daily discharge of 

622,000 cfs  (Hirsch, 2012). The USGS estimated that 7.5 billion pounds of sediment, 5.3 

million pounds of phosphorus and 6.3 million pounds of nitrogen were dumped into the 

Chesapeake Bay from tributaries that included the Susquehanna, Potomac, and James Rivers 

(Flood of 1996, n.d.). 

1.6.3 Tropical Storm Lee 

During September 1-5, 2011 Tropical Storm Lee ran its course from the Gulf of Mexico to the 

American northeast.  In regards to the Lower Susquehanna, the effects of the storm were not 

truly felt until September 7
th

-15
th

.  The average concentration of phosphorus in the bay before 

September of 2011 was 0.067 mg/L, that number jumped to 2.31 mg/L after Tropical Storm Lee. 

During this time the average flow rate at the dam was 475,000 cfs, with a maximum daily 
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discharge of 709,000 cfs (Hirsch, 2012).  The levels of sediment, nitrogen, and phosphorus were 

significantly higher during this time as well. 
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2.0 Scope 

The scope of the project exclusively focuses on the mitigation of the sediment and 

nutrients located directly behind the dam, which is the transient problem. Addressing the 

sediment behind the dam aims to prevent the negative effects of a major scouring event within 

the Chesapeake Bay. Ultimately, the scope remains to mitigate the adverse effects caused by the 

transient events at Conowingo Dam. 

 The normal flow of sediments and nutrients coming from upriver to Conowingo Dam has 

been deemed outside of the project scope for a few reasons. The steady state problem of river 

and bay quality is addressed by the newly founded Chesapeake TMDL regulations. This 

provision aims to mitigate agricultural pollution along the river. In addition, a reduction of 

sediment and nutrients arriving from upriver would not eliminate the issue of the suspended 

sediment and nutrients currently trapped behind the dam.  Therefore, the scope of this project 

will only aim to address the sediment and nutrients currently trapped behind the dam.  Additional 

research, after the completion of this project, should focus on reduction of sediment and nutrients 

from upriver to provide for a better solution to the steady state problem, building upon the 

conclusions and recommendations reached from this project. 

 

Figure 3: Probability vs. Flow Rate 

Figure 3, whose data comes from the USGS, assists in explaining the scope of the project.  Using 

96 data points per day (15 minute intervals) from January 1
st
 of 2010 through the end of 
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December 31
st
, 2012, there was over a 38% chance that flow was less than 10,000 cfs through 

Conowingo Dam (U.S. Geological Survey, 2013). The scope of the project is when the flow 

exceeds an established rate 300,000 cfs (denoted by red bars), which only occurs during a 

scouring event from a hurricane, tropical storm, large rain storm, etc. The cumulative probability 

of a major scouring event, from 2010-2012, was 0.008925.  
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3.0 Stakeholder Analysis 

The primary stakeholders consist of the Lower Susquehanna Riverkeeper and Stewards of 

the Lower Susquehanna, Inc., Waterkeepers Chesapeake, Pennsylvania and Maryland residents 

(both recreational users and power users), Exelon Generation and the Federal Energy Regulatory 

Commission. There remains discord amidst the stakeholders when it comes to who should 

finance sediment mitigations and the true necessity of sediment management at present. Many 

other federal and state level stakeholders exist, but the given primary stakeholders comprise a 

majority of the variant viewpoints of those remaining stakeholders. 

3.1 Lower Susquehanna Riverkeeper and Stewards of the Lower Susquehanna, Inc. 

The Lower Susquehanna Riverkeeper is an individual named Michael Ray Helfrich. In 

June of 2005, he founded the Stewards of the Lower Susquehanna, Inc. (SOLS), a non-profit 

environmental advocacy organization that supports the licensed Riverkeeper. The association 

works with citizens and scientists to find solutions to environmental problems along the Lower 

Susquehanna River and the Chesapeake Bay Watersheds(“Who We Are,” 2013). The objectives 

of SOLS and the Lower Susquehanna Riverkeeper are to find alternative uses for the sediment 

stored behind Conowingo Dam, highlight vulnerabilities in environmental law and legislation at 

present, as well as to make sure future catastrophic weather events do not displace sediment and 

further harm the Chesapeake Bay’s ecosystem(“Conowingo Dam Owners Must Clean Up Their 

Act,” n.d.). 

3.2 Waterkeepers Chesapeake 

 Waterkeepers Chesapeake is a coalition comprised of 18 independent Waterkeeper 

programs that operate within the Chesapeake and Delmarva Coastal Bays Watersheds. The 

Lower Susquehanna Riverkeeper is included within this coalition. The programs within 

Waterkeepers Chesapeake are also members of the Waterkeeper Alliance(“Your Chesapeake 

Waterkeepers,” n.d.). Waterkeeper Alliance is an environmental advocacy organization that aims 

to unite Waterkeeper organizations, locally and internationally, to cover issues related and 

affecting the quality of rivers, lakes, and other various bodies of water (“What We Do,” n.d.). 

Accordingly, the objective of the Waterkeepers Chesapeake is to protect and improve the health 

of the Chesapeake Bay and the waterways in the region (Chavez & Johnson, 2013).  
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3.3 Pennsylvania and Maryland Residents: Recreation and Agricultural Users 

Some of the residents of Maryland and Pennsylvania make up the population known as 

the Lower Susquehanna Watershed residents. The residents of the watershed, primarily those that 

use the river’s water for agricultural purposes, contribute to the river’s pollution through the 

deposition of phosphorus and nitrogen. Some of the residents of the two states also benefit from 

the recreational uses of the water, including fishing and various water sport activities, and use the 

river to access drinking water. The objective of the residents is to maintain healthy waters in the 

river for recreational purposes and overall water quality. The residents would most like to see 

these objectives met through little to no tax hikes at their expense.  

3.4 Pennsylvania and Maryland Residents: Power Users 

Other residents of Maryland and Pennsylvania make up the population that does not 

necessarily reside in the Lower Susquehanna Watershed. These residents benefit from the 

electricity harvested at the Conowingo Hydroelectric Plant. The objective of the residents in this 

measure is to receive power from the hydroelectric plant at Conowingo Dam. These residents 

would most like to see these objectives met through little to no tax hikes or increase in electricity 

bills at their expense.  

3.5 Exelon Generation 

Exelon Generation is the owner of the Conowingo Dam. The Conowingo Dam provides 

55% of Maryland’s clean, renewable energy (“Clean Energy,” n.d.). Exelon Generation also 

provides energy to major constituents in Chicago, but more importantly, Philadelphia, PA 

(“Exelon,” 2003). The objective of Exelon Generation is to extend their licensing for ownership 

and usage of Conowingo Dam prior to the license expiration set to occur September 1, 2014. The 

relicensing, if granted by the Federal Energy Regulatory Commission (FERC), will allow Exelon 

Generation the ability to continue to provide power to some of the Lower Susquehanna 

Watershed residents until 2060. 

3.6 Federal Energy Regulatory Commission  

The Federal Energy Regulatory Commission (FERC) regulates and oversees interstate 

transmission of natural gas, oil, electricity and hydropower projects. In relation to hydroelectric 

projects, FERC is responsible for licensing and inspecting private, municipal and state 
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hydroelectric projects. The objective of FERC is to “assist consumers in obtaining reliable, 

efficient and sustainable energy services at a reasonable cost through appropriate regulatory and 

market means” (“What FERC Does,” 2013). 

3.7 Stakeholder Tensions 

The Lower Susquehanna Riverkeeper, SOLS, Waterkeepers Chesapeake and the 

residents of the Lower Susquehanna Watershed all want Exelon Generation to take some, if not 

most, responsibility for the sediment build up behind Conowingo Dam. In taking responsibility 

for the sediment, Exelon would be tasked with providing a substantial amount of funding for 

sediment mitigation. To make a change these groups, alongside other environmental 

organizations, are urging FERC to implement greater regulations on Exelon Generation. The 

Lower Susquehanna Riverkeeper, SOLS and Waterkeepers Chesapeake have gone so far as to 

take legal action against Exelon Generating Company, LLC in the form of a motion to intervene. 

The motion was filed July 17, 2013. It sites that the groups are seeking to protect the watershed 

resources from adverse conditions. The group is hoping that by filing the motion during this 

relicensing period, long-term ecological consequences and impacts will be avoided(Chavez & 

Johnson, 2013). 

Exelon Generation is seeking a new license from FERC that will allow them to operate 

until 2060[8] but currently Exelon has no plan to deal with the sediment build-up behind the 

dam. To help mitigate the problem in some fashion, Exelon has been studying possible solutions 

as part of their process for relicensing(Janney, 13, & AM, n.d.). At present Exelon claims no 

responsibility for the sediment build-up behind Conowingo Dam. To Exelon, the sediment build-

up is river problem, not strictly an Exelon problem. In accordance, with the environmental 

organizations and Exelon, a problem to the river is a problem to all. That is why the Lower 

Susquehanna Riverkeeper, SOLS and Waterkeepers Chesapeake would also like to see the 

residents of the watershed that are contributing to pollution, clean up their agricultural methods 

as well. As of  March 2012,  Exelon merged with Constellation, which seems to be an important 

factor in why Exelon is not willing to let Conowingo Dam go despite all the problems it is 

causing (“Constellation-Exelon merger complete,” 2012). Conowingo Dam supplies power to 

one of their biggest consumers, Philadelphia, and with the merge, Exelon already relinquished 

some of their power production ventures to remain within FERC limits for energy production 
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(“Constellation-Exelon merger complete,” 2012)(“Exelon-Constellation merger seeks regulatory 

OK,” 2011). 

 

 

Figure 4: Stakeholder Interaction Diagram 

The stakeholder tensions and interactions can be further visualized by the diagram 

denoted by Figure 4. Interaction lines denoted in green indicate that the interaction aids in the 

removal of sediment from Conowingo Reservoir. Interaction lines denoted in red indicate that 

the interaction does not aid or potentially aids in the removal of sediment from Conowingo 

Reservoir. 
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4.0 Problem and Need Statement 

4.1 Problem Statement 

Since the completion of its construction in 1928, the Conowingo Reservoir has retained 

50-70% of the sediment that flows down the Susquehanna River. It has been estimated that by 

2030 the Conowingo Dam will reach complete saturation. Over the past three decades, the mean 

annual discharge of sediment into the Chesapeake Bay is approximately 1.31 million metric tons. 

Annual discharge of sediment is increasing every year as the reservoir nears saturation. At the 

point of saturation, the rate of sediment discharge to the Chesapeake Bay will increase by an 

estimated 150%. When scouring events occur huge pulses of sediment discharge past the dam 

and flow into the Bay. This rate of sediment delivery devastates a large portion of the 

Chesapeake Bay eco-system on all biotic levels. The effects of these scouring events will 

continue to intensify as more sediment becomes trapped behind Conowingo Dam(Scientific and 

Technical Advisory Committee, 2000) and the Dam reaches full sediment saturation. 

Most of the effects of major scouring events in the Lower Susquehanna occur in the 

Northern region of the Chesapeake Bay. A major scouring event is defined as enhanced erosion 

of sediment due to significantly increased flow rates and constant interaction of water with the 

Dam. Additionally, Bay-wide salinity levels are altered due to a large influx of freshwater. Flow 

direction of currents change and sedimentation patterns change throughout the region. Turbidity 

increases to a point that hinders photosynthesis in subaquatic vegetation (SAV). SAV population 

growth and sustenance is imperative to the river and Bay’s ecosystem health. This is due to the 

fact that SAV acts as the backbone of the ecosystem by providing habitation and food to a large 

portion of the Chesapeake Bay ecosystem (Scientific and Technical Advisory Committee, 2000). 

A scouring event similar to the size of Hurricane Agnes could kill off two-thirds of the SAV 

population (“Watershed History,” 2013). Most of the sediment is deposited in the deeper 

channels, which in turn raises water levels. The increase in water level hinders the shoreline 

safety and survival  (University of Maryland, 2012). Predators have diminished hunting abilities, 

fish eggs are smothered, and gills are clogged by the excess sediment in the water. To add to 

these effects, the sediment contains harmful nutrient, such as phosphorous and nitrogen, from the 

runoff of farmlands in the upper portion of the Susquehanna River(Hirsch, 2012).  
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4.2 Need Statement 

There is a need to reduce the environmental impact of scouring events by reducing the 

sediment and nutrients currently trapped behind Conowingo Dam. This is to be done while 

maintaining energy production in order to help satisfy FERC standards, and eventual TMDL 

regulations. 
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5.0 Concept of Operations 

The mission requirements are still in the process of being fully shifted from qualitative to 

quantitative requirements. Once the final mission requirement is made qualitative, the functional 

and technical requirements will be derived and added. 

5.1 Mission Requirements 

1. The system shall remove sediment from the river at a load rate greater than or equal to 1.85 

million cy/yr. 

2. The system shall reduce sediment scouring potential by 75%. 

3. The system shall allow for 1.6 billion kWh of power production annually at Conowingo 

Hydroelectric Station.  

4. The system shall facilitate Susquehanna watershed limits of 39,222 tons of nitrogen, 1,719 

tons of phosphorus, and 893,577 tons of sediment per year by 2025.  

5. The system shall maintain submerged aquatic vegetation (SAV) growth. 

5.2 Operational Scenarios 

The operational scenarios with which the models will run will be based on the transient 

problem. Accordingly, the variant scenarios will consist of a minor scouring event, a medium 

scouring event, and a major scouring event. These scenarios will all be modeled through the 

various flow rates at which these scouring events are likely to occur. The minor scouring event 

will consist of a 300,000 cfs flow rate, while the major scouring event will have a flow rate of 

approximately 1,000,000 cfs. The medium scouring event will consist of a flow rate that lies 

somewhere between the two, about 600,000 cfs.  

 While normal flow is not within scope, normal flow rates will be taken into consideration 

when modeling. These normal flow rates will help to show effects caused after the scouring 

events. Accounting for the normal flow following a scouring event will allow for a more robust 

model. 
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6.0 Design Alternatives 

Sediment mitigation is paramount to the system’s success. Three major alternatives have been 

identified to meet the needs of our stakeholders through meeting at least one of our mission 

requirements. In order to fully determine how the alternatives will meet the requirements, 

analysis will be conducted after modeling and simulation. 

6.1 No Mitigation Techniques 

In terms of immediate, short-term cost benefit, taking no action at Conowingo Dam 

would be the most cost-efficient decision. Enforcing no sediment mitigation techniques imposes 

no direct financial costs on stakeholders in the form of equipment or labor expenses. Doing 

nothing with the sediment build up within the reservoir would allow for an asymptotic buildup at 

Conowingo Dam for the next 10-15 years, before capacity is met. Once the remaining 

30,000,000 tons of capacity behind the dam fill, all suspended sediment from upriver would 

simply flow from the reservoir, through the Conowingo Dam, and down the Lower Susquehanna 

into the Chesapeake Bay(Langland, 2009). 

 The major risk associated with doing nothing with the sediment continues to be that a 

major scouring event could displace and deposit large amounts of sediment over the dam at once. 

While major storms like these happen infrequently, scouring events still occur every few years. 

The cost associated with a major scouring event includes direct ecological costs and indirect 

financial costs. Ecological costs would include devastation of SAV and other subaquatic animals 

in the Lower Susquehanna and Chesapeake Bay. This devastation would in turn cause a negative 

effect on the fishing communities of the Chesapeake Bay and Lower Susquehanna, hindering 

income while also leading to cost for mass reparation of housing and shorelines (Hirsch, 2012). 

6.2 Hydraulic Dredging 

Hydraulic dredging is a method in which a device on the dredge moves over a particular 

area of water, and removes the material below by stirring and sucking up the sediment through a 

pipeline. The sediment is then transported onto land, where it can be moved into mechanical 

dewatering systems, dewatering tubes, open discharge, dredge material placement site, or 

geotextile bags. The process of hydraulic dredging can be best seen in Figure 5. Given optimal 

conditions, this alternative could remove up to 525 tons of sediment per hour(Johnson, n.d.). 
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Figure 5: Generic steps of hydraulic dredging 

With approximately 2,000,000 tons of sediment deposited annually in the Conowingo 

Reservoir, a minimum of 3,810 hours a year would be required to keep the sediment buildup at a 

manageable level.  Multiple hydraulic dredges could improve the hours required, but at a steeper 

direct cost. This also refers to the entire sediment content in the reservoir, while it may only be 

necessary to remove the suspended sediment, making the cost much less. While this process 

removes both the risk associated with major scouring events and steady sediment deposition over 

time, it remains as potentially the most costly alternative, without accounting for any ecological 

costs associated with the dredges themselves or the stirred up sediment being washed 

downstream. 

There are two different primary types of hydraulic dredges: cutterhead pipeline dredge 

and the self-propelled hopper dredge. The cutterhead pipeline dredge removes most pumped 

materials to the disposal site relatively continuously. Some disadvantages to the cutterhead 

pipeline are it has difficulty in removal of coarse grain sand in swift currents, it is not self-

propelled, and it has limited capabilities in rougher waters. The self-propelled hopper dredge, on 

the other hand, can move in rough waters and work in deep waters, but they cannot dredge 

continuously nor do they dredge well on steep sites (“Water | Region 2 | US EPA,” n.d.). 

To help offset costs for dredging, dredged sediment can be decontaminated, processed 

and manufactured into various products. The ultimate goal remains to produce the largest amount 

of product to help minimize our costs associated with the mitigation alternatives and maximize 
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the reusability of the dredged sediment. Alongside product alternatives is the use of a quarry for 

storing the sediment. The quarry alternative implies no sediment is turned into product. 

6.2.1 Quarry 

As a control to the potential product alternatives, the first alternative in regards to 

managing dredged sediment is simply dumping the sediment into a rock quarry.  After the 

sediment is dredged from the reservoir, it would be dewatered and shipped to the quarry. 

Dewatering will allow for more sediment to go into the quarry, as there is less mass after 

processing. While this alternative has no potential to offset cost, this alternative may prove to be 

more cost effective than the other product alternatives since there are less capital costs associated 

with it. 

6.2.2 Rotary Kiln Products 

 Dredged sediment can be converted into a building material known as lightweight 

aggregate.  The process includes initial sizing and debris removal, dewatering, pelletizing, and 

extrusion of the dredged material, combined with thermal treatment via a rotary kiln to 

decontaminate the material.  The kiln heats the material as high as 2200°F, which causes thermal 

desorption and destruction of organic contents.  The manufacture of lightweight aggregate is 

based on the conversion of the solids into a pyro-plastic (partially molten) state at the same 

temperature that the bloating gases begin to evolve. These various flux compound oxides react 

with the SiO2 (the predominant mineralogical component of dredged material) to form the 

complex compound matrix that further binds and immobilizes the various metal constituents and 

contaminants. The lightweight aggregate product provides greatly enhanced thermal resistance 

and more than double the thermal insulation value to the final concrete end product. 

Additionally, the lightweight aggregate (LWA) pyro-manufacturing process improves the fire 

resistance of the resulting concrete since any combustible components are removed within the 

kiln (Derman & Schlieper, n.d.). 

Based on a pilot study conducted by JCI/Upcycle Associates LLC in 2004, the cost to 

process dredged material via rotary kiln into lightweight aggregate is approximately $52.40 per 

cubic yard of dredged sediment (adjusted for inflation).  This does not include the cost of 

dredging.  The amount of lightweight aggregate produced per cubic yard of dredged sediment 

from this pilot study was about 0.1 cubic yards.  In 2005, the demand for products made from 
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lightweight aggregate was about $2 billion per year (Aggregate Research, 2005). There is 

currently an ongoing search for values of various products that can be made out of lightweight 

aggregate; however, according to HarborRock, a company currently working on a LWA solution 

for the Conowingo Dam in conjunction with the Lower Susquehanna Riverkeeper, the raw 

material value of LWA varies between $40 and $100.  This gives us a small possibility that this 

alternative may not only offset the cost of dredging and processing, but provide some profit 

margin as well. 

6.2.3 Low- Temperature Washing Products 

Some companies, including Recycled Soil Manufacturing Technologies and BioGenesis, 

provide an efficient eco-friendly method of recycling dredged material, organic waste material, 

and biosolids into safe, patented formulations. High-quality manufactured soils can be used for 

various landscaping purposes for lawns, parks, highway and road improvement, etc.  Before 

dredged materials can be utilized, it must be decontaminated under a low temperature approach.  

This process typically involves an integrated treatment train that begins with the physical 

separation of the sediment to remove overly large components of the heterogeneous sediment. 

Following this, there is a “sediment washing” process that removes large the majority of 

chemical contaminations in the material, and then a liquid-solid separation. This system has a 

high sediment processing rate (250,000 cubic yards per year) which can be applied to materials 

of varying grain sizes, and concentrations of varying chemical contaminants. As long as the 

dredged material is not considered to be severely contaminated, this low temperature cleansing 

process can recycle and formulate manufactured soil safe enough to be used in close residential 

locations (Lee, 2000). 

According to BioGenesis, the cost of processing dredged sediment into manufactured 

topsoil varies between $48 and $58.  With an estimated value of $15-$20 per cubic yard of 

topsoil, only part of the processing cost will be offset by the revenue received from selling the 

finished product. 

6.2.4 Plasma Glass Arc Vitrification Products 

For sediment with levels of the highest contamination, the application of plasma arc 

technology would result in the situ plasma vitrification of any type of substance and a cleansing 

of 99.99% of any contaminant and/or organic compound (99.9999999% overall, 99.98% PCB’s, 
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99.81% PAH’s, 99.99% dioxins, 99.98% furans), and immobilizes heavy metals. This process 

involves a plasma arc torch which can create temperatures exceeding 7,000 °C in a safely 

reinforced and controlled environment. The resulting output of this process is a vitrified glass 

compound known as slag. Slag has chemical durability and stability, generally appearing glassy 

like obsidian rock. 

A plasma torch device converts electrical energy and pressurized gas into thermal energy 

(conceptually into the form of lightning). Gas is fed through a small channel where a negatively 

charged electrode is located. When power is applied to the electrode, and a second metal piece is 

touched to the electrode, powerful sparks are generated between the electrode and the metal. 

These sparks heat the inert gas until it reaches the fourth state of matter. The temperatures of 

these plasma torches operate at temperatures and enthalpies tens of times greater than 

contemporary torches using exclusively fossil fuel consumption. These plasma torches require 

significantly less gas to operate than contemporary torches (approximately 5 % of the 

contemporaries). 

The vitrified sediment is used for a wide variety of applications, such as: architectural 

tile, glass fiber, sandblasting grit, roadbed aggregate (“glasphalt”), roofing granules (“shingles”), 

recycle glass cullet, and environmentally innocuous fill material(Solena Group, n.d.). 

Processing Costs for plasma vitrification range from $120 - $160. The source of variation is 

power costs which will be dependent upon sediment composition and density (McLaughlin & 

Dighe, 1999). 

 Product revenue for glassed aggregate is not dependent upon supplement market 

demands. It is considered a high-value substitute for various material components of products. In 

the specific market of architectural tile, high-grade tiles comprise of feldspar, a fine quality 

course mineral. Feldspar which can be preferably substituted with glassed aggregate producing a 

product credit of $320 per cubic yard of processed sediment. Lower grade tiles are composed of 

talc, a mineral of lesser value. Talc can be substituted for glassed aggregate for a product credit 

up to $220 per cubic yard of processed sediment (McLaughlin & Dighe, 1999). Based upon our 

analysis, the market for architectural tile is by far the most profitable.  As a result, the focus for 

revenue gains involving glassed aggregate output will only include architectural tile production. 
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6.3 Dredging and Artificial Island 

Manual bypass of the sediment through Conowingo Dam incrementally might lead to a 

steady tolerable flow of sediment into the Chesapeake Bay. Prior to the installation of the dams 

along the Lower Susquehanna, sediment flowed into the Chesapeake Bay at non-destructive rates 

and loads. The possibility of slowly forcing the built up sediment behind the dam downstream 

would increase the capacity for future buildup, while potentially mitigating some of the costs 

associated with a major scouring event. 

 Most of the suspended sediment behind the dam is located to the left and right of the 

entrance into the turbines. As depicted earlier in figure X, a majority of the sediment type is 

carried in the wash load, while the less suspended sediment and bed load is loaded on the outside 

of the turbine entrance the Conowingo Dam (Scott, 2012). These areas are of particular concern 

during a scouring event, as most or even all of the suspended sediment will cross over the dam. 

 As mentioned with the second alternative, hydraulic dredging is a high-cost process that 

requires not only a cost of processing, but a cost for transportation as well. Instead of 

transporting the sediment to a processing center, it may be beneficial to actually reuse it in the 

reservoir. If enough sediment was processed and dumped into one location, an artificial island 

could be built. With this, flow velocity around the island would increase, which would decrease 

the Rouse number in these locations. More sediment would get through the dam and into the 

Chesapeake Bay. This would not only reduce the cost of transportation of sediment to the 

reservoir instead of a processing center, but would also reduce the cost of continual maintenance 

dredging with total less sediment in the reservoir. A sample location of the reservoir is shown in 

Figure 6. 
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Figure 6: Example Artificial Island Location in Conowingo Reservoir 

 

This artificial island would be in a diamond shape with varying size and distance from the dam. 

A diamond was chosen because it is efficient enough to minimize the drag coefficient while 

maintaining feasibility with a simple shape for construction. While this technique may remove a 

substantial amount of suspended sediment, not all of the sediment may be removed this way. 

Any unaffected sediment would still need regular dredging in combination with the artificial 

island. 

6.4 Value Hierarchy 

To determine which design alternative best satisfies the mission requirements, the value 

hierarchy, depicted in Figure 7 was created. 

 

Figure 7: Value Hierarchy for Sediment Mitigation Alternatives 

The primary objective of the alternatives is to minimize the ecological impact caused by major 

scouring events at Conowingo Dam. To meet this objective the following attributes were 
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derived: sediment deposition potential, sediment scour potential and reliability. Sediment 

deposition potential is defined as the expected sediment deposited over a given time. Sediment 

scour potential is defined as the expected sediment scoured, given a specific flow rate, over time. 

Reliability is defined as the dependability on the specified functions of a design alternative over 

a specific period of time. Each of the three attributes was derived from the mission requirements.  

 Using the value hierarchy the following utility function was derived: 

                    +     

    alternative  i’s score  

  = means objective weight 

The weights for each attribute remain to be defined by the stakeholders. Ultimately, using the 

utility function will help denote which alternative might be the best option. The better alternative 

will be noted by a higher utility score. 

 

  



28 
 

7.0 System Model 

The sediment mitigation system, in its entirety, is comprised of 3 separate, yet closely 

intertwined models. The 3 models include the sediment mitigation model, ecological impact 

model, and the business model, as seen in Figure 8. 

 

 

Figure 8: Sediment Mitigation System Model Breakdown 

7.1 Sediment Mitigation Model 

 The sediment mitigation model is the first model of the system. The model is used to 

simulate the reservoir activity including all sediment incoming and outgoing (to the Chesapeake 

Bay and on land) as well as associated costs. This is the first step in modeling the entire system, 

and plays a key role as it outputs to both of the other models. Sediment into the bay affects the 

ecological impact model, while sediment removed from the reservoir affects the reuse model. 

7.1.1 Inputs 

 Specifically, this model inputs include variables associated to each alternative as the 

control. Variable values will differ for each alternative, and differing outputs will allow for 

analysis. In terms of the physical components, a cross sectional area for multiple sections of the 

reservoir will be taken for each alternative. A variable flow rate will also be inputted along with 

weather patterns and seasonal variants if possible. Current deposition rates will also be necessary 

to determine deposition patterns until a scour event occurs. In terms of costs, base costs will be 

needed for dredging, transportation, processing, etc. This includes one-time and recurring costs 

to the system. 
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7.1.2 Equations 

 The model itself will focus on the cross sections of the reservoir. The first main equation 

will be Equation 1, which in this case will determine a particular flow velocity  , given cross 

sectional area  , and variable volumetric flow rate   (Whipple, 2004c). 

Equation 1: 

     

Once the particular flow velocity is determined for a portion of the cross section, a conversion to 

shear velocity, 𝑢 , can be performed. Using complex calculation, exact shear velocity can be 

calculated, but the general rule is that shear velocity is equal to one-tenth the value of the 

particular flow velocity   (Whipple, 2004b). 

Equation 2: 

𝑢  
 

  
  

Finally, once shear stress is determined, the Rouse number, 𝑅, can be calculated. This equation 

uses the found shear velocity, 𝑢 , as well as the von Kármán constant,  , and a particular particle 

fall velocity,   . The von Kármán constant will likely always equal 0.4 in the normal 

river/reservoir environment (Whipple, 2004a). 

Equation 3: 

𝑅  
  

 𝑢 
 

In order to compare the multiple cross sections, Bernoulli’s Equation will be necessary to 

compare variables such as pressure,  , velocity,  , and height,  , given a certain water density,   

(Whipple, 2004c). 

Equation 4: 

   
 

 
   

          
 

 
   

       

7.1.3 Outputs 

 The model will take all of the physical properties and output Rouse number values with 

corresponding scour and deposition potentials. Costs will also be outputted for dredging, 

transportation, and overall lifecycle costs. This will change depending on number of dredges, 

dredged material per year, transportation distance, maintenance costs, etc. 
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7.1.4 Potential Issues 

 There are certain values in this model that may be unattainable or a very strong 

assumption. Particularly, flow rates for entire cross sections is attainable, but further equations 

and analysis may be necessary to find particular flows for parts of the cross section. Values for 

particle fall velocities may also be difficult to find, but more research may lead to more reliable 

values. Finally, costs may be incorrect based off of bias from the source of the data. Pessimistic 

skewing may be the only way to mitigate this issue. 

 

7.2 Ecological Impact Model 

The ecological impact model supersedes the sediment mitigation model. This model is 

used to simulate the ecological effects of variant scoured sediment levels on the Lower 

Susquehanna River and Chesapeake Bay ecosystems. 

7.2.1 Inputs 

The two model inputs, one of which is an output of the sediment mitigation model, 

include sediment scoured and seasonal ecosystem statistics. The scoured sediment comes from 

the sediment mitigation model and is the amount of sediment that is scoured into the Chesapeake 

Bay. The seasonal ecosystem statistics will help model the variant impact of scouring events that 

occur in the four seasons. 

7.2.2 Equations 

 Equation 1 will model the amount of scoured at a given flow rate. Currently this equation 

remains the only equation of value to the ecological impact model. However, it has been noted 

that this equation may be better suited for the sediment mitigation model. 

         𝑒          

   Daily Average Flow Rate (cfs) 

     Scouring Discharge Load (SDL) (tons/day) 

 

More equations will be derived in order to best model the ecological impact to the Chesapeake 

Bay. However, at present little information is known about the exact monetary costs associated 

with a major scouring event. 
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7.2.3 Outputs 

The outputs of the model include the Chesapeake Bay ecosystem statistics and the 

remediation and recovery costs derived due to the scouring damage of the ecosystem.  

7.3 Business Model 

The business model supersedes the sediment mitigation model. The business model is 

used to project the amount of revenue that can be generated using the sediment removed from the 

river, by the production of products. This will be modeled using a Monte Carlo Simulation in 

Microsoft Excel. The cost per cubic yard will be multiplied by the amount of sediment 

removed/processed.  The revenue per cubic yard of processed sediment will also be multiplied 

by the amount of sediment processed.  When the difference of cost and revenue are calculated, 

the result is a net cost per cubic yard of dredged sediment.  This calculation will be run 

approximately 1000 times. Out of this simulation, we will calculate the mean, standard deviation, 

and half width of the net cost, which would help to formulate a confidence interval (with α=0.05) 

of what we expect the net processing cost to be.  This process can also be done for mitigation 

cost offset percentage output. 

7.3.1 Inputs 

The model inputs, both of which are outputs of the sediment mitigation model, include 

complete alternatives costs (in terms of dollars per cubic yard of dredged sediment), and amount 

of sediment removed (in terms of cubic yards per time interval).  

7.3.2 Equations 

 Equation 1 will model the amount of products that will be produced by each alternative.  

It is simply the ratio of the amount of sediment removed to the amount of sediment required to 

produce the product. 

𝑅 

  
         

    amount of sediment needed to make one unit of product i 

Ri   amount of sediment removed and used for product i 

    units of product i produced 
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 Equation 2 is the net cost of producing a product after it has been processed and sold.  

This equation is the difference between the revenue and cost of an alternative multiplied by the 

amount of product produced. 

   (𝑟𝑒     )     [2] 

rev                                 

c                              

 Equation 3 is the mitigation cost percentage for each product alternative.  This equation 

takes the ratio of the second equation to the mitigation cost for the alternative, and multiplies it 

by 100 to generate a percentage. 

𝑚  
  

  
     [3] 

Ti = total net cost generated by product i 

Mx = mitigation cost for alternative x 

m  = % mitigation costs offset by product i 

 

7.3.3 Outputs 

The outputs include the sediment products produced, net cost, and mitigation cost offset 

percentage. For the products produced output, each product alternative produces a certain 

amount of product per cubic yard of dredged sediment.  For example: 1 yard of dredged 

sediment produces 0.3 yards of slag/feldspar.  So assuming the input of dredged sediment 

remains constant for each simulation (i.e.  100,000 cubic yards of dredged sediment per month), 

this output would be constant. For the net cost of dredging output, the units will be dollars per 

cubic yards of dredged sediment, to keep the units constant with the input.  The mitigation cost 

offset percentage output will be a non-dimensional number which will assist with the comparison 

of the different product alternatives. 

7.4 Design of Experiment 

 The design of the experiment is still being adjusted but at present the design of 

experiment is as follows:  
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- Each design alternative is run with 3 different scouring flow rates: 300,000 cfs, 600,000 

cfs and 1,000, 000 cfs. 

- Each flow rate is run with three different amounts of sediment dredged, when applicable. 

The three different amounts of dredged sediment are still being determined. 

- Each amount of dredged sediment is run during all 4 seasons. 

The output of the experiment will be sediment amount scoured, total alternative costs with 

mitigation cost percentages, ecological impact costs and percentages of nitrogen and phosphorus 

increase to the Bay. 
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8.0 Project Management 

8.1 Work Breakdown Structure 

Projected work is broken down into 6 major categories. These categories include 

management, research, design, model, analysis, and deliverables.  Main sub-categories used for 

hour allocation are shown in Figure 9.  The complete list of tasks comprises 6 first level tasks, 23 

second level tasks, 93 third level tasks, and 41 fourth level tasks with 123 tasks at the lowest 

level. The complete list is shown in Appendix A. 

 

Figure 9: Work Breakdown Structure (WBS) 

8.2 Schedule, Critical Path and Milestones 

The schedule is consistent with the WBS. Figure 10 shows the schedule with the critical 

path and milestones.  Management is continuous throughout the entire project.  Research begins 

in September and leads to design, followed by modeling and analysis. Output data from the 

sediment mitigation model is needed for both the ecological model and the business model. As 

such, the development of the sediment mitigation model will begin before that of the two later 
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models.  Project deliverables follow an order in which a deliverable is the prerequisite of another 

deliverable (with the exception of the conference paper preparation). The deliverables follow as 

such: creation of the preliminary plan during research, creation of the final plan during design, 

creation of the final proposal during modeling, and submission of the final papers after final 

analysis has been completed.  The project deliverables, as well as the faculty presentations in 

November, conference abstracts submission in February, IEEE version 2 in March, SIEDS 

Conference in April, and the Capstone Conference in May, comprise the project milestones. 

The critical path, as shown in red in Figure 10, consists of the problem statement, model 

design, sediment mitigation model development, model testing, results from the sediment 

mitigation model, sensitivity analysis, and final report preparation.  These are typically the tasks 

that have the most hours allocated in their designated period of completion. 

Modeling received the highest amount of allocated time at 460 hours.  The deliverables 

were give the second largest number of allocated hours at 292 hours, followed by analysis with 

240 hours, management with 160 hours, design with 123 hours, and research with 127 hours.  

The total number of planned hours was set at 1402 hours. 
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Figure 10: Project Schedule with Critical Path & Milestones 

 

8.4 Project Risks and Mitigation Techniques 

The major risks associated with the project coincide with our critical path. The high level 

risk related to the learning curve associated with building 3 models is one of the major risks. 

Each of the three models requires analysis of mass amounts of data. In particular, the sediment 

model takes in large amounts of data and must model a complex system, from which the latter 

two models derive their input data. Mitigation for this risk will include finding programs already 

in existence to simply alter for our model needs, finding favorable tradeoffs between 

programming languages that are known to the team and those that we feel best model our data, 
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and reaching out to modeling experts for guidance on how to best model our system. Another 

high risk item is finding the cost data for remediation and recovery associated with a major 

scouring event’s impact to the Chesapeake Bay’s ecosystem. Find that data is imperative to 

assessing whether or not a design alternative can comparatively be better than the remediation 

costs at present.  

Other lower level risks include: staying on budget, and connecting with stakeholders. 

Staying on budget continues to be mitigated by the tracking of work hours in notebooks in 30 

min increments rather than by recollection once a week. Reaching out to stakeholders 

continuously is currently the mitigation plan for the lack of connection with the stakeholders. 

8.5 Budget 

The budget at completion (BAC) was set at $103,851.85. This was determined by using a 

group rate of $35.00 per hour summed into a 47.25% overhead found from George Mason’s 

Office of Sponsored Programs ($39.07 per hour), which results in an hourly rate of $74.07 

(“F&A (Indirect) Rates: Fiscal Year 2014,” 2013). Multiplying the hourly rate by the total 1402 

planned hours for completion resulted in the total estimated budget. The number of hours needed 

for completion was estimated on a weekly basis by specific tasks. The projected planned values 

for the project are shown in Figure 11. The largest slope, budget, occurs from December through 

February. This is due to the increase in hours at that time, caused by modeling and analysis. 

There is also a 90% best-case budget and 10% worst-case budget, which are calculated with a 

10% decrease and increase of the planned values respectively. The actual cost and earned value 

are also shown in this graph. Actual cost is the summed hours worked each week multiplied by 

the hourly rate. Earned value is the percent completion multiplied by the BAC. 
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Figure 13: Estimated Budget with Planned Values & Current Actual Cost and Earned Value 

 The cost performance indicator (CPI) and schedule performance indicator (SPI) are 

shown in Figure 12.  For each week, earned value was divided by actual costs to find CPI, and 

earned value was divided by planned value to find SPI.  CPI and SPI values are variable through 

the course of the project as of now, but remain fairly consistent overall. Proper use of time will 

facilitate the completion of the project on time and under budget. 

 

Figure 12: CPI vs. SPI for weeks 1-7 
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Appendix A: Detailed Work Breakdown Structure 
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1.0 Management 

1.1 Weekly Tasks 

1.1.1 Complete misc./additional items given at weekly meetings 

1.1.2 Produce 30 min work breakdown notebook 

1.1.3 Prepare questions, comments, concerns for weekly meetings 

1.2 Work Breakdown Structure 

1.2.1 Create level one WBS 

1.2.2 Create level two WBS 

1.2.3 Create level three/four WBS 

1.2.4 Generate list of major milestones 

1.2.5 Assemble critical path from WBS 

1.2.6 Generate risks associated with critical path 

1.2.7 Generate risk mitigation techniques 

1.2.8 Assign projected hours to the variant levels of the WBS 

1.3 Budget 

1.3.1 Determine the hourly pay rate 

1.3.2 Determine overhead expense 

1.3.3 Determine and graph the overall projected project expense 

1.3.4 Update planned value (weekly) 

1.3.5 Update earned value (weekly) 

1.4 360 Evaluation 

2.0 Research 

2.1 Context Analysis 

2.1.1 Determine the high level context 

2.1.2 Compile research on high level context 

2.1.3 Determine gap to be bridged 

2.1.4 Graph gap data 

2.2 Problem Statement 

2.2.1 List problem(s) that need to be solved 

2.2.2 Write out links between context and problem(s) 

2.2.3 Define requirements based on the problem(s) 

2.2.4 Generate a rough draft problem statement 

2.2.5 Generate a final problem statement 

2.3 Stakeholder Analysis 

2.3.1 Define the major stakeholders 

2.3.2 Compile research on each of the major stakeholders 

2.3.3 Identify stakeholder tensions 

2.3.4 Create stakeholder link diagram 

2.3.5 Generate need statement 

2.4 Gather Statistics 

2.4.1 Create statistics document on Susquehanna River flow rates 

2.4.2 Create statistics document on sediment contaminants levels 

2.4.3 Create statistics document on components of sediment 

2.4.4 Create statistics document on power generation at Conowingo Dam 

2.4.5 Create statistics document on animal variants in the Chesapeake Bay due to water pollution 

2.4.6 
Create statistics document on vegetation information in the Chesapeake Bay due to water 
pollution 

3.0 Design 

3.1 Solutions/Alternatives 
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3.1.1 Propose 3-5 variant design alternatives 

3.1.2 Cross reference design alternatives with requirements 

3.1.3 Research components of each design alternative 

3.1.4 Prepare equivalent document information on each design alternative 

3.1.5 Determine set costs for each design alternative 

3.2 Requirements 

3.2.1 Derive mission requirements from need statement 

3.2.2 Derive mission requirements from problem statement 

3.2.3 Derive functional requirements from missions requirements 

3.2.4 Derive design requirements from functional requirements 

3.3 Risks/Mitigation 

3.3.1 Determine risks associated with each design alternative 

3.3.2 Determine mitigation techniques for risks associated with each design alternative 

3.4 Model Design 

3.4.1 Determine high level model simulation breakdown 

3.4.2 Determine high level inputs and outputs to the simulation model 

4.0 Model 

4.1 Sediment Mitigation (Alternatives) Model 

4.1.1 Develop 

4.1.1.1 Determine inputs and outputs to mitigation model 

4.1.1.2 Determine lowest level decomposition 

4.1.1.3 Highlight which statistical data will be necessary for mitigation model 

4.1.1.4 Formulate distributions needed for mitigation model 

4.1.1.5 Determine modeling program(s) to be used for mitigation model 

4.1.1.6 Code mitigation simulation 

4.1.2 Test 

4.1.2.1 Determine all possible test cases for mitigation model 

4.1.2.2 Determine number of trials needed for each test case 

4.1.2.3 Run trials 

4.1.3 Gather Results 

4.1.3.1 Gather statistical data from trial output 

4.1.3.2 Determine statistical data to be input into other models 

4.1.3.3 Chart statistical data 

4.1.3.4 Graph statistical data 

4.2 Ecological Impact Model 

4.2.1 Develop 

4.2.1.1 Determine inputs and outputs to eco model 

4.2.1.2 Determine lowest level decomposition 

4.2.1.3 Highlight which statistical data will be necessary for eco model 

4.2.1.4 Formulate distributions needed for eco model 

4.2.1.5 Determine modeling program(s) to be used for eco model 

4.2.1.6 Code eco simulation 

4.2.2 Test 

4.2.2.1 Determine all possible test cases for eco model 

4.2.2.2 Determine number of trials needed for each test case 

4.2.2.3 Run trials 

4.2.3 Gather Results 

4.2.3.1 Gather statistical data from trial output 
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4.2.3.2 Chart statistical data 

4.2.3.3 Graph statistical data 

4.3 Reuse (Business Model) 

4.3.1 Develop 

4.3.1.1 Determine inputs and outputs to business model 

4.3.1.2 Determine lowest level decomposition 

4.3.1.3 Highlight which statistical data will be necessary for business model 

4.3.1.4 Formulate distributions needed for business model 

4.3.1.5 Determine modeling program(s) to be used for business model 

4.3.1.6 Code business simulation 

4.3.2 Test 

4.3.2.1 Determine all possible test cases for business model 

4.3.2.2 Determine number of trials needed for each test case 

4.3.2.3 Run trials 

4.3.3 Gather Results 

4.3.3.1 Gather statistical data from trial output 

4.3.3.2 Chart statistical data 

4.3.3.3 Graph statistical data 

5.0 Analysis 

5.1 Sensitivity Analysis 

5.1.1 Determine uncertainty of the output in the models (mitigation, eco, business) 

5.1.2 Determine robustness of the simulation results 

5.1.3 Identify inputs that cause uncertainty for each model (mitigation, eco, business) 

5.1.4 Research an unexpected trends in input/outptut relations 

5.1.5 Identify and redundancy in models 

5.1.6 Determine optimal range for input variables 

5.1.7 Draft written compilation of all sensitivity related findings 

5.2 Utility/Cost 

5.2.1 Determine viability of each model (mitigation, eco, business) 

5.2.2 Determine stability of each model (mitigation, eco, business) 

5.2.3 Determine profitability of model (business) 

5.3 Tradeoff Analysis 

5.3.1 Determine attributes for alternatives to be compared against (requirements) 

5.3.2 Determine any uncertainties (sensitivity analysis should help) 

5.3.3 Determine which solutions are as good as possible 

5.3.4 Determine what other options can be taken 

6.0 Deliverables 

6.1 Preliminary Project Plan 

6.1.1 Format prelim project plan report 

6.1.2 Edit prelim project plan report 

6.1.3 Format prelim project plan presentation 

6.1.4 Edit prelim project plan presentation 

6.2 Final Project Plan 

6.2.1 Format final project plan report 

6.2.2 Edit final project plan report 

6.2.3 Format  final project plan presentation 

6.2.4 Edit final project plan presentation 

6.3 Final Proposal 
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6.3.1 Draft final proposal 

6.3.2 Edit final proposal 

6.4 Conferences 

6.4.1 Conference Drafts 

6.4.1.1 Draft IEEE Paper 

6.4.1.2 Edit IEEE Paper 

6.4.2 Conference Finals 

6.4.2.1 Edit 2 IEEE Paper 

6.4.2.2 Final Edit IEEE Paper 

6.5 Final 

6.5.1 Draft final report 

6.5.2 Edit final report 

6.5.3 Draft final poster 

6.5.4 Edit final poster 

6.5.5 Draft final presentation 

6.5.6 Edit final presentation 

6.5.7 Plan YouTube Video 

6.5.8 Record YouTube Video 

6.5.9 Edit YouTube Video 

 
 


