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Abstract 
 

Title: Design and Analysis of a Pipe and Pump System Constructed to Connect Port 

Canaveral to the Banana River 

Author: Nicole Ann McClain 

Advisor: Robert Weaver, Ph.D. 

The Indian River Lagoon (IRL) has hosted an extensive array of plants and animals 

throughout its lifetime, having one of the greatest species’ diversity of all North American 

estuaries. In addition to the variety of marine wildlife that is supported by the IRL, the 

system is also a recreational and economic resource for the counties bordering it. The 

biological integrity of the IRL, however, has shown evidence of decline in the last few 

decades, due to impaired water quality caused by pollution and disruptions to natural 

circulation patterns. If far-reaching changes are made to repair the water quality of the 

lagoon, environmental degradation would be reversed; the number of annual visitors to the 

IRL region would increase, along with the annual Return on Investment of the economic 

value of the IRL system. 

The purpose of this paper is to provide a complete engineering design of a feasible, short 

term pipe and pump system that will allow for ocean water to be introduced into the 

Banana River, along with a cost analysis of the system and permitting procedures for 

implementation. The project goal is to add a consistent flowrate of 17.7 ft3/s (0.5 m3/s) to 

the sub-basin for one year to aid in a broader study on the physical, chemical, and 

biological impacts of added inflow. To accomplish this goal, the pipe and pump system 

will be located inside of Port Canaveral on the south side of the channel just east of 

Canaveral Lock. The complete engineering design of the system will include the design of 

the pipeline itself, the recommended pump to be used, the design of a ramp for vehicle 

crossing, the design of an inflow structure where the pump intake and drive unit will be 

located, and the design of an outflow structure where the water will flow out of the system 

and into the Banana River. 
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Results from this study will aid in the flushing of the Banana River, creating a lagoon that 

has improved water quality for a greater survival of marine life and for human activities 

such as swimming and fishing. The most efficient pipe inner diameter is calculated to be 

20 inches (0.51 meters) in order to minimize head losses while also maintaining a feasible 

height for vehicle crossing. The axial flow MWI Hydraflo HAC316 Hydraulically Driven 

Submersible Pump fitted with a 20-inch discharge is chosen to meet the flowrate needs, 

given the pipe diameter and total head loss. The pipe inflow is designed with a horizontal 

pump orientation, ensuring the intake has a clearance that will not allow for sediment 

entrainment. An inflow cage structure with screening is designed to be built around the 

pipe to protect manatees and other marine life from injury. Finally, an outflow structure is 

designed with a riprap pad to allow water to flow into the Banana River sub-basin without 

eroding the bank. The complete engineering design of the pipe and pump system has been 

adopted by Tetra Tech, and the adopted design has been submitted to the Army Corps of 

Engineers for review. The total first cost for implementation of the pipe and pump system 

is estimated to be $511,630.01, the total cost during the span of one year is estimated to be 

$47,578.63, and the total cost for decommissioning is estimated to be $79,293.99. The 

overall project cost, including first costs, annual costs, and decommissioning costs, is 

estimated to be $638,502.63. Prior to construction, federal and state permits must be 

obtained to ensure adverse impacts are minimal and mitigated for. Alternative design 

options for a long-term flushing project include the construction of a weir structure or the 

integration of a weir into the Canaveral Lock gates. 
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Chapter 1  
Introduction 

 

Indian River Lagoon 

The Indian River Lagoon (IRL) system is a coastal lagoon that stretches 156 miles (251 

kilometers) through six coastal counties along the coast of Central and South Florida, 

constituting 40 percent of the eastern coast of Florida (Osborn, 2016; Weaver & Zarillo, 

2020; IRLNEP & SJRWMD, 2007; Steward, Virnstein, Haunert, & Lund, 1994). A coastal 

lagoon is defined as a shallow water body system that is divided from the adjacent ocean 

by a barrier island (Kjerfve, 1986). In the case of the IRL system, the average water depth 

is approximately 4 feet (1.2 meters), with the deepest parts of the lagoon seldom exceeding 

13 feet (4 meters), and the lagoon has a width ranging from 0.2 mile to 5.5 miles (0.3 

kilometers to 8.9 kilometers) (Saberi & Weaver, 2016; Steward, Virnstein, Haunert, & 

Lund, 1994). There are six inlets that connect the IRL system to the ocean: the Ponce de 

Leon Inlet is the northernmost inlet located near New Smyrna, followed by Port Canaveral 

Inlet, Sebastian Inlet, Fort Pierce Inlet, Saint Lucie Inlet, and Jupiter Inlet, which is the 

southernmost inlet located in Jupiter. All of the inlets within the IRL system are directly 

connected to the ocean, except for Port Canaveral Inlet, which is connected to the IRL by 

the Canaveral Lock. The IRL system is composed of three interconnected sub-basins: the 

Mosquito Lagoon, the Banana River Lagoon, and the Indian River Lagoon, which is 

further divided into the North Indian River Lagoon, the Central Indian River Lagoon, and 

the South Indian River Lagoon (Sigua, Steward, & Tweedale, 2000). Figure 1 displays a 

map of the IRL system with each of the inlets and sub-basin labeled (Barile, 2018). 
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Figure 1: Map of the Indian River Lagoon System (Barile, 2018) 

The IRL has the greatest species diversity of any North American estuary, hosting an 

extensive array of plants and animals throughout its lifetime (Sigua, Steward, & Tweedale, 

2000). Approximately 2,200 animal species and 2,100 plant species have been identified 

within the IRL system, with 50 of these species listed as threatened or endangered 

(Steward, Virnstein, Haunert, & Lund, 1994; Harbor Branch, 2019). In 1991, the IRL was 

nominated as an Estuary of National Significance, and today it is one of only 28 other 

estuaries to hold this designation (Harbor Branch, 2019). Not only is the IRL home to a 

plethora of marine wildlife, but it also provides a significant recreational and economic 
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impact for the counties bordering it. In 2014, it was estimated that over 7.4 million people 

visited the IRL region; it was also estimated that between 2.3 million to 3.5 million of 

these visitors participated in IRL recreational activities (ECFRPC & TCRPC, 2016). In a 

study performed by the East Central Florida Regional Planning Council and the Treasure 

Coast Regional Planning Council in 2016, the IRL was assessed to have an annual capital 

value of $7.6 billion; additionally, when real estate value is added for property located near 

the IRL and estuarine-related economic contributions are included for the portion of 

Volusia County that is north of the Ponce de Leon Inlet, the total annual economic value 

increases to $9.9 billion (ECFRPC & TCRPC, 2016). The study also found that if 

significant changes were made to repair the water quality of the lagoon, hence increasing 

its heterogeneity, the Return on Investment from a sustainable IRL would be 33 to 1, 

meaning that for every dollar spent on attaining a more sustainable IRL, the lagoon would 

return $33 in value (ECFRPC & TCRPC, 2016). 

Banana River Lagoon 

The Banana River Lagoon is a 30-mile-long (48-kilometer-long) sub-basin within the IRL 

system and is located west of the barrier island communities between Cape Canaveral and 

Indian Harbor Beach. Historically, the northern portion of the Banana River Lagoon was 

connected to the IRL system through several natural channels and creeks; however, the 

channels were filled in when NASA built a roadway connecting the shuttle launch pad to 

the shuttle assembly building (USACE, 1959). Now, the Banana River is connected to the 

main body of the IRL through two narrow openings: Barge Canal in the north near Port 

Canaveral and Dragon Point in the south near the Eau Gallie Causeway. The Banana River 

does not have a direct convergence with the ocean, other than minimal water exchange via 

the opening of Canaveral Lock (Saberi & Weaver, 2016). Being the only portion of the 

IRL system that is not directly connected to the ocean, the Banana River experiences 

nominal ocean water inflows and poor flushing, resulting in lengthy residence times 

(FDEP, 2013). In the Banana River Lagoon Basin Management Action Plan, the Florida 

Department of Environmental Protection (FDEP) stated that a complete flush of the 

Banana River Lagoon basin would take an estimate of 2 years (FDEP, 2013). 
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Sources and Effects of Poor Water Quality 

In the last 50 years, the biological and ecological integrity of the IRL have shown evidence 

of decline due to a significant decrease in water quality (Sigua, Steward, & Tweedale, 

2000). According to the Indian River Lagoon SWIM Plan, there are two main influences 

responsible for the decline in water quality, and both are anthropogenic. The first main 

impact culpable for decreased water quality is pollution from point and nonpoint sources 

(Steward, Virnstein, Haunert, & Lund, 1994). Point source pollution is pollution that is 

discharged into a waterway at a particular point through a pipe or channel; it typically 

originates from factories, commercial facilities, stormwater drainage systems, and sewage 

treatment plants (Salzman & Thompson, 2019). Nonpoint source pollution is pollution that 

is introduced into waterways via runoff; pollutants contained within nonpoint source 

pollution can include excess fertilizers and insecticides from residential or agricultural 

lands, oil and grease from roadways, toxic chemicals from energy production plants, and 

even sediment particles from construction sites (Salzman & Thompson, 2019). 

The second main impact culpable for decreased water quality is alterations to the natural 

patterns of water circulation and alterations to freshwater inflows to the IRL system 

(Steward, Virnstein, Haunert, & Lund, 1994). Human activities are the cause of these 

altered water flow patterns. As human populations increase and urbanization occurs, 

manmade hydrologic changes are made to the lagoon and other water systems to 

accommodate for the influx of residents (Harbor Branch, 2019). Engineered changes to 

hydrologic systems can include reservoirs, hydro dams, and irrigation systems, all of which 

have a purpose of maximizing human access to water, but often result in impairment to the 

ecosystems being altered and a decrease in biodiversity (Bridgewater, Guarino, & 

Thompson, 2018). According to a study performed by Harbor Branch, the IRL receives 

two and a half times more freshwater than it originally and naturally was required to handle 

(Harbor Branch, 2019). This increase in freshwater inflow can be pinpointed to two 

interferences. First, drainage canals discharge excessive volumes of freshwater, in 

company with point source pollutants, directly into the lagoon from agricultural lands or 

residential buildings; second, as more land is developed and paved over, the natural 
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process of rainfall percolation into porous soils is lost, along with the filtration of 

contaminants and nonpoint source pollutants, resulting in a greater amount of stormwater 

making it into the IRL (Harbor Branch, 2019; Sigua, Steward, & Tweedale, 2000).  

The substantial increase in freshwater inputs ultimately affect the salinity levels of the IRL, 

and the pollution adds excessive amounts of phosphorus, nitrogen, and other nutrients to 

the water (Sigua, Steward, & Tweedale, 2000). These factors, combined with sufficient 

light and warm water temperatures, create the ideal environment for harmful algal blooms 

in the IRL system (Sigua, Steward, & Tweedale, 2000). In 2011, a “super bloom” occurred 

in the northern IRL, and the growth of a toxic phytoplankton led to the loss of seagrasses, 

simultaneously resulting in kills of a variety of animals, including manatees, dolphins, 

seabirds, and fish (Barile, 2018). In the IRL system, the main indicator of water quality is 

the abundance of seagrasses; with a decline in water quality throughout the system, loss of 

seagrasses has become more apparent, indicating a loss of biological integrity in the lagoon 

ecosystem (Sigua & Tweedale, 2003). A substantial finding from the IRLNEP, however, 

asserts that areas within the IRL system that remain with superior seagrass coverage are 

located in close proximity to inlets, suggesting that fresh ocean water flows help to reduce 

environmental degradation caused by pollutants and water stagnation (IRLNEP & 

SJRWMD, 2007). 

Flushing of the Indian River Lagoon 

In the IRL system, circulation tends to be stationary, except for during storms and in areas 

near an inlet with a direct connection to the ocean (Steward, Virnstein, Haunert, & Lund, 

1994). In the Banana River, because there is no direct connection to the ocean, circulation 

is nonexistent. In a simulation study performed by Dr. Gary Zarillo and Dr. Robert 

Weaver, data from Acoustic Doppler Current Profilers (ADCPs) was input into the 

Environmental Fluid Dynamics Code (EFDC) numerical model to examine the potential 

impact of supplemental flow from the ocean into the IRL (Weaver & Zarillo, 2020). In the 

Banana River sub-basin, two cases were performed over a time period of 365 days, and the 

results from these tests were compared in order to determine the effectiveness of flushing 

out the sub-basin with ocean water at an assumed pumping rate. The first case was used as 
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a base case; water within the estuary was tagged with 100 parts per thousand (ppt) of a 

numerical tracer, and changes in tracer concentrations were measured when no additional 

sea water was introduced (Weaver & Zarillo, 2020). In the base case, the concentration of 

the tracer remained high throughout the entire Banana River, with concentrations of 90 ppt 

in the north and concentrations of 56 in the south (Weaver & Zarillo, 2020). 

The second case was used as a model case to introduce 353 ft3/s (10 m3/s) of water via a 

pump system to an area just north of the Canaveral Lock; again, water within the estuary 

was tagged with 100 ppt of a numerical tracer (Weaver & Zarillo, 2020). In the model case, 

the concentration proved to be consistently lower, with results showing the tracer 

concentration decreased by 60% to 75% throughout the Banana River (Weaver & Zarillo, 

2020). Figure 2 shows the results that were produced from the EFDC numerical model; the 

figure on the left displays the tracer concentration after 365 days with no added flow while 

the figure on the right displays the tracer concentration after 365 days with an addition of 

353 ft3/s (10 m3/s) of ocean water. 

 

Figure 2: EFDC Numerical Model Results of Tracer Concentration After 365 Days 

(Weaver & Zarillo, 2020) 
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As can be seen from this study, enhancing the water flow within a relatively stagnant water 

body using a pump station can have favorable impacts and lead to an improvement in the 

basin’s water quality. In a real-world scenario, the numerical tracer can be replaced with 

various pollutants, with a decrease in tracer concentration translating to a decrease in 

nutrient levels, thus improving the overall water quality within the Banana River. 
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Chapter 2  
Background 

 

Continuity of Flow 

When analyzing the flow of a fluid, one of the most fundamental principles used is the 

continuity of flow. In fluid motion, lines can sometimes be drawn through the fluid so that 

at any point on the line, the velocity vector is tangent to the drawn line; these drawn lines 

are called streamlines (Dodge & Thompson, 1937). For fluids that have a steady state of 

motion with no cavities, a stream tube can additionally be formed that consists entirely of 

streamlines (Dodge & Thompson, 1937). Inside of a stream tube, the mass of the fluid at 

any cross section within the tube will be constant (Dodge & Thompson, 1937). The 

equation for this continuity of flow is below: 

 𝜌𝑎𝐴𝑎𝑉𝑎 = 𝜌𝑏𝐴𝑏𝑉𝑏 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

(1) 

where 𝜌 is the density of the fluid, 𝐴 is the cross- sectional area of the stream tube, and 𝑉 is 

the velocity of the fluid at that section. For incompressible fluids, such as seawater, the 

density between two points of the stream tube will not vary, so the equation for the 

continuity of flow becomes (Dodge & Thompson, 1937): 

 𝐴𝑎𝑉𝑎 = 𝐴𝑏𝑉𝑏 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

(2) 

The conditions of flow continuity can usually be applied to flows that pass through a finite 

area; when water is flowing through a pipe from one end to the other, the pipe can be 

divided into small stream tubes, and the total quantity of fluid passing any cross- section 

can be equated as the sum of the quantities passing through the individual tubes (Dodge & 

Thompson, 1937). The total quantity of fluid passing through a cross-section of the pipe is 

solved using the flowrate equation (Dodge & Thompson, 1937): 

 
𝑄 = lim

𝑛→∞
∑ ∆𝐴𝑘𝑉𝑘

𝑛

𝑘=1

= ∫ 𝑉 𝑑𝐴 

 

(3) 
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where 𝑄 is the flowrate of the fluid. For a fluid velocity that is uniform, the flowrate 

equation may be written simply as (Dodge & Thompson, 1937): 

 𝑄 = 𝐴𝑉 

 

(4) 

When applying the continuity of flow and the flowrate equation to a pipeline system, if the 

flow is constant, then the product of the cross-sectional area and the velocity will be the 

same for any two points along the stream tube, hence, the flowrate of the fluid will be 

equal at any two points inside of the pipeline as well. 

Bernoulli Principle 

The Bernoulli principle, named after Daniel Bernoulli in the 1700s, is an important theory 

in fluid mechanics that applies the principle of conservation of energy to a steady fluid 

flow (Qin & Duan, 2017; Dodge & Thompson, 1937). Bernoulli’s principle states that the 

sum of mechanical energy, potential energy, and kinetic energy along a streamline is 

constant, shown by Bernoulli’s equation below (Qin & Duan, 2017): 

 
𝑃 +  

𝜌𝑉2

2
+ 𝜌𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

(5) 

where 𝑃 is the pressure at a point along the streamline, 𝜌 is the density of the fluid, 𝑉 is the 

velocity of the fluid at a point along the streamline, 𝑔 is gravity, and 𝑧 is the elevation at 

the point along the streamline above a reference point. 

To be able to use Bernoulli’s equation, the following must be true: the equation must be 

used along a streamline, the fluid must be inviscid, the fluid must be in a steady state, and 

the fluid must be incompressible (MIT, 2002). As discussed above, a streamline can be 

drawn through a fluid flowing through a pipe so that at any point on the line, the velocity 

vector is tangent to the drawn line (Dodge & Thompson, 1937). A fluid can have a steady 

state flow or an unsteady state flow; when a fluid is in a steady state of flow, the fluid 

maintains a steady velocity as it passes a given point (BU, 1999). Otherwise, the speed or 

direction of the fluid flow will vary, and the fluid will be in an unsteady state of flow (BU, 

1999).  A fluid can be described as either viscous or non-viscous; the viscosity of a fluid 
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refers to its ability to pour slowly or easily (BU, 1999). A fluid can also be described as 

compressible or incompressible; the compressibility of a fluid refers to its ability to change 

volume in response to a change in pressure (BU, 1999). Inside of the pipe and pump 

system, streamlines can be drawn for the steady state flow. The fluid that will specifically 

be traveling through the pipe and pump system is seawater, which is a non-viscous and an 

incompressible fluid; therefore, Bernoulli’s principle may be used. 

By applying a streamline to the entire pipe system being designed and choosing the two 

streamline points to be one inside of the intake and one near the pipe exit, and by dividing 

Equation (5) by 𝜌𝑔, Equation (5) can be rewritten as Equation (6), where 𝛾 is the specific 

weight of the fluid: 

 𝑃1

𝛾
+  

𝑉12

2𝑔
+ 𝑧1 =

𝑃2

𝛾
+ 

𝑉22

2𝑔
+ 𝑧2 

 

(6) 

For a more complete equation, terms must be added to Equation (6) to account for major 

head losses due to friction, minor head losses due to fixtures within the pipe system, and 

the head gained from using a pump. The final form of Bernoulli’s equation used for the 

design of the pipe system is below: 

 𝑃1

𝛾
+  

𝑉12

2𝑔
+ 𝑧1 + ℎ𝑝 =

𝑃2

𝛾
+  

𝑉22

2𝑔
+ 𝑧2 + ℎ𝑙(𝑚𝑎𝑗𝑜𝑟) + ℎ𝑙(𝑚𝑖𝑛𝑜𝑟) 

 

(7) 

where  ℎ𝑝 is the total dynamic head loss, ℎ𝑙(𝑚𝑎𝑗𝑜𝑟) is head lost to friction, and ℎ𝑙(𝑚𝑖𝑛𝑜𝑟) is 

head lost to ten 45-degree bends and one 90-degree bend. 

The equations used for major and minor head losses are below, where 𝑓 is the friction 

factor, 𝐿 is the length of the pipe, and 𝑘𝑙 is the minor loss coefficient for the pipe 

components or fittings: 

 
ℎ𝑙(𝑚𝑎𝑗𝑜𝑟) =  

𝑓𝐿𝑉2

2𝑔𝐷
 

 

(8) 

 
ℎ𝑙(𝑚𝑖𝑛𝑜𝑟) =  ∑

𝑘𝑙𝑉2

2𝑔
 

(9) 
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The friction factor for the major head loss term, 0.015, is found using the Moody Diagram, 

shown in Figure 3 (Native Dynamics, 2012); the value of the minor loss coefficient for a 

45-degree bend, 0.4, and for a 95-degree bend, 0.9, can be found in Figure 4 (PSU, 2015). 

 

Figure 3: Moody Diagram (Native Dynamics, 2012) 

 

Figure 4: Minor Loss Coefficient for 90-degree Bend and 45-degree Bend (PSU, 2015) 
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Hydraulic and Shaft Pump Power 

A centrifugal pump is a mechanical device that operates by using an impeller, or rotating 

blades, to generate a suction that pushes water through a pipe system (GlobalSpec 

Engineering, 2021). It operates best with liquids that are low in viscosity and low in solid 

concentration. There are three main designs of centrifugal impellers: axial flow, radial 

flow, and mixed flow. In an axial flow pump, pressure is developed by a propelling force 

created inside the casing by liquid flowing over the blades of an impeller; the fluid is then 

pushed in a straight line parallel to the impeller shaft (MWI Pumps, 2020). Axial flow 

pumps are characterized by high flow rates and low dynamic head (GlobalSpec 

Engineering, 2021). In a radial flow pump, pressure is developed by a centrifugal force 

created by liquid accelerating through the center of the impeller and out along the blades at 

90-degree angles to the shaft axis (Global Pumps, 2020). Radial flow pumps are 

characterized by low flow rates and high dynamic head (GlobalSpec Engineering, 2021). In 

a mixed flow pump, a combined radial and axial pumping action is used; pressure is 

developed partly by a centrifugal force and partly by a propelling force as water is pushed 

through the impeller and exits at an angle between 0 and 90 degrees (MWI Pumps, 2020). 

Mixed flow pumps are characterized by medium flow rates and medium dynamic head 

(GlobalSpec Engineering, 2021). 

There are two main types of power associated with a pump: hydraulic power and shaft 

power. The hydraulic pump power is the power that will be transmitted to the fluid, and it 

depends on the necessary flowrate, the density of the fluid, and the total head losses from 

the pipe system, which are previously calculated using Equation (7) and solving for the ℎ𝑝 

term. The equation for hydraulic pump power is below (He, Jiao, Wang, & Cao, 2019) for 

the calculation in SI units and converted to English units: 

 
𝑃(ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐) =

ℎ𝑝𝜌𝑄

76
 

 

(10) 

The shaft pump power is the power that is applied to the shaft in order to obtain the 

specified flowrate, given the head; it is highly dependent on the hydraulic pump power, 

along with the efficiency of the pump, typically found in the pump’s manufacturer manual 
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on the pump bowl performance curves. The equation for shaft pump power is below (He, 

Jiao, Wang, & Cao, 2019): 

 
𝑃(𝑠ℎ𝑎𝑓𝑡) =

𝑃(ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐)

𝜂
 

 

(11) 

where 𝜂 is the efficiency of the pump. 

When choosing a pump for the pipe and pump system that will be able to generate an 

ample amount of power to propel water from the inflow to the outflow, the hydraulic pump 

power, Equation (10), must first be calculated from the total head losses within the system, 

and then the shaft pump power, Equation (11), should be calculated using the pump 

efficiency from its performance curves. A pump should be chosen that will be able to 

generate the calculated shaft power and that has a discharge flange that matches the 

diameter of the pipeline. Many pump manufacturers are able to fit the discharge flange to 

the pipeline diameter, so the pump diameter does not necessarily need to be the same as the 

discharge diameter. 

Shields Parameter 

The critical condition that causes motion of a sediment particle is essential when designing 

a pump and pipe system that will have an intake situated vertically to the bed. The 

initiation of particle movement can be represented by the dimensionless parameter known 

as Shield’s parameter, 𝜓 (El Shamy, Krueger, An, & Abdelhamid, 2018). The Shields 

parameter is used to express the ratio of the shear forcing, created by water flow, acting on 

a sediment particle that is resting on the top of the bed to the weight of that sediment 

particle (Stachurska & Staroszczyk, 2019; El Shamy, Krueger, An, & Abdelhamid, 2018). 

The equation for Shield’s parameter is below (Dean & Dalrymple, 2002): 

 𝜓 =
𝜏𝑏

(𝜌𝑠 − 𝜌)𝑔𝑑50
 

 

(12) 
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where 𝜏𝑏 is the shear stress at the bed, 𝜌𝑠 is the density of the sediment particle at the bed, 

𝜌 is the density of the fluid, and 𝑑 is the sediment grain diameter. The shear stress of the 

bed can further be equated to: 

 
𝜏𝑏 =  

1

8
𝜌𝑓𝑈𝑏

2 

 

(13) 

where 𝑓 is the Darcy-Weisbach friction coefficient. The Darcy-Weisbach friction 

coefficient has an inverse relationship with the drag coefficient, 𝐶𝑑: 

 
𝐶𝑑 =  

𝑓

4
 

 

(14) 

When plugging the shear stress equation into the Shields parameter equation and 

substituting the drag coefficient for the Darcy-Weisbach friction coefficient, Equation (12) 

becomes: 

 

𝜓 =

1
2 𝜌𝑈𝑏

2𝐶𝑑

(𝜌𝑠 − 𝜌)𝑔𝑑50
 

 

(15) 

For sediment entrainment to be eliminated in the pipe and pump system, the intake must be 

placed a calculated distance above the bed, so that the flow of water inside of the intake 

will not initiate sediment movement. If the calculated Shields number exceeds the critical 

Shields number, 𝜓𝑐, the particles at the bed would begin to move (El Shamy, Krueger, An, 

& Abdelhamid, 2018). The critical Shields number must be plugged into Equation (15), 

and the velocity must be solved for. With the calculated velocity at the bed that will initiate 

sediment movement, the area of a flow hemisphere around the intake can be computed, and 

then a radius of this flow hemisphere can be obtained. This radius value will also be the 

minimum intake clearance for which sediment entrainment will not occur.  

The particle used for the evaluation of Shields parameter is coarse silt, which has a particle 

diameter of 0.00246 inches (0.0624 mm); shown in Figure 5, the critical Shields number 

for a coarse silt particle is 0.109 (Berenbrock & Tranmer, 2008). 
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Figure 5: Particle Classification with Particle Diameter and Shields Parameter 

(Berenbrock & Tranmer, 2008) 

The drag coefficient value used for the calculation is the drag coefficient of a sediment 

particle at the bed. Shown in Figure 6, the drag coefficient for a sediment particle varies 

based on the bed geometry; a drag coefficient of 0.35 was chosen for the calculation of the 

velocity at the bed (Dwivedi, Melville, Shamseldin, & Guha, 2010). 

 

Figure 6: Drag Coefficient for a Sediment Particle at the Bed (Dwivedi, Melville, 

Shamseldin, & Guha, 2010) 
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Chapter 3  
Methodology 

 

Research Objectives 

Some of the research objectives that will be carried out from this study are: 

1. The design of a feasible, short term pipe and pump system that will allow for ocean 

water to be introduced into the Banana River at a flowrate of 17.7 ft3/s (0.5 m3/s) for 

one year to aid in a broader study on the physical, chemical, and biological impacts of 

added inflow. 

2. An analysis of expected costs and permitting procedures for implementation of the 

pipe and pump system. 

3. The discussion of long-term alternative systems that could be designed to allow for 

ocean water to be introduced into the Banana River or Indian River Lagoon at a greater 

flowrate to allow for a greater area of influence. 

Design Setup 

Site Selection 

The primary site chosen for the IRL inflow project using a pipe and pump system is inside 

of Port Canaveral near Canaveral Lock. Situated on the south side of the channel between 

the Lock and the 410 bridge, 28°24’32” N, 80°38’13” W, the proposed site does not 

contain any major roadways or interfere with much existing infrastructure. Figure 7 

displays an aerial view of Port Canaveral, where the temporary pipe and pump system will 

be located. 
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Figure 7: Port Canaveral Aerial View (Google, 2021) 

The inflow structure will be located inside Canaveral Inlet, directly behind the fender wall 

that protects the lock system, shown in Figure 8, while the outflow structure will be located 

on the bank of the Banana River on the west side of Mullet Road, also shown in Figure 8. 

The pipe will run over land and will cross Mullet Road inside of the U.S. Army Corps of 

Engineers property. 
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Figure 8: Location of Structures Inside of Port Canaveral (Google, 2021) 

The locations of the inflow structure and pipe road crossing were specifically chosen so the 

public will have minimal interference with the pipe and pump system. Also, placing the 

inflow structure behind the fender wall will allow the intake structure to have substantial 

protection during a storm event since the maximum wave height behind the fender wall 

will be nominal. The site selection of the pipe and pump system allows for an ideal site to 

test the physical, chemical, and biological changes of the Banana River Lagoon since it is 

secluded from the greater IRL system. 

Site Plots 

The bathymetry is needed for the complete engineering design of the pipe and pump 

system. It is needed to determine the elevation difference from the inflow structure to the 

outflow structure, which is used in the Bernoulli equation calculations. It is also needed to 

determine the depth at the location of the intake to ensure there will be adequate intake 

clearance in order to avoid sediment entrainment. Finally, the bathymetry is needed for the 

design of the outflow structure and riprap pad to ensure the bank will be stable and erosion 

is mitigated. Figure 9 shows the bathymetry plot inside of the Canaveral Inlet near the 
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Lock, where the inflow structure will be located, and Figure 10 shows the bathymetry plot 

in the Banana River near Mullet Road, where the outflow structure will be located. 

 

Figure 9: Bathymetry Plot of Port Canaveral Inlet Near the Lock (Garmin, 2021) 

The Port Canaveral Inlet channel has an average depth of 12 feet (3.7 meters) in the center 

with a steep gradient towards the north and south banks. The depth is unknown behind the 

fender wall, so a bathymetry survey will need to be taken before finalizing the inflow 

structure design. 

 

Figure 10: Bathymetry Plot of Banana River Near Mullet Road (Garmin, 2021) 
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The Banana River near Mullet Road is very shallow with a mild slope; the sub-basin that 

water will be flushing into from the pipe and pump system is between 0 to 2 feet (0 to 0.6 

meters) deep. 

In both Garmin bathymetry plots, shown in Figure 9 and Figure 10, mandatory depths, 

such as the depth where the inflow and outflow structures will be placed, are missing. To 

aid in the design of the pipe and pump system, professional surveys were taken by 

Oceanside Solutions of the Canaveral Inlet (Figure 11) and the Banana River (Figure 12). 

The contours shown are one-foot contours and the vertical datum used for land elevations 

was NAVD88; NAD83 was used for the horizontal datum. 

 

Figure 11: Oceanside Solutions Canaveral Inlet Survey (Oceanside Solutions, 2021) 
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Figure 12: Oceanside Solutions Banana River Survey (Oceanside Solutions, 2021) 

Proposed Structure 

The proposed structure to aid in flushing out the Banana River for a one-year pilot study of 

the physical, chemical, and biological effects is a pipe and pump system. The complete 

engineering design of the system will include the design of five components: the pipeline 

itself, the recommended pump to be used, the design of a ramp for vehicles to drive over 

the pipe, the design of an inflow structure where the pump intake will be located, and the 

design of an outflow structure where the water will flow out of the system and into the 

Banana River. The approximate location of each of these structures is displayed in Figure 8 

above. 

The design of the pipeline and the determination of the recommended pump to be used are 

formulated around a flow rate of 17.7 ft3/s (0.5 m3/s). The design of a ramp for vehicles to 

drive over consists of first selecting a design vehicle that the ramp is accessed by; then, the 

ramp, created by Bluff Manufacturing, incorporates a steel frame that will be placed on top 

of the pipeline with a path for the pipeline to travel underneath the ramp. 
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The inflow structure will be placed behind the Canaveral Lock fender wall, where it will be 

protected from wave activity and from boats navigating through the Lock. The inflow 

structure will consist of the pump intake in a horizontal orientation so the pipeline will stay 

submerged and run parallel to the water surface until it contacts the ground. The horizontal 

orientation decreases the number of supports needed to support the weight of the intake 

and the pipeline full of ocean water. The intake will be supported by a shallow spread 

footing with an H member on top of the column, securing the pipe in all directions. The 

intake will be surrounded by a caged structure to ensure manatees, fish, and other marine 

animals do not get sucked into the pipe or harmed from the intake impellers. The electric 

drive unit of the pump will be placed on land near the pipeline on top of a skid frame. 

The outflow structure will be placed on the west side of Mullet Road so the ocean water 

will feed directly into the Banana River, enabling it to flush the Banana River and the IRL. 

The outflow structure will consist of a riprap pad that the water will initially fall onto 

before it flows into the Banana River. The riprap pad will dissipate the energy of the 

flowing water, helping to minimize erosion of the bank. The riprap pad will contain riprap 

rocks with a filter fabric underneath. The filter fabric will be protected from the rough 

edges of the riprap rock by a thin layer of sand. 

A pipe and pump system is chosen as the proposed structure for adding flowing water into 

the IRL due to its feasibility and practicality of construction, operation, and removal. The 

construction of the system will cause minimal disturbance to infrastructure, allowing for a 

complete removal of the system after one year, and the system is relatively inexpensive 

compared to other design options and the benefits it will produce. The system is easy to 

control, and the pipe can be blocked off at any moment in time. Lastly, the system can be 

used as a temporary structure to study the physical, chemical, and biological effects of 

introducing ocean water into the IRL; if added inflow proves to be successful in improving 

water quality, long term solutions can be implemented that have a greater flowrate and 

greater area of influence.  
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Chapter 4  
Results 

 

Engineering Design 

The engineering design portion of this study consists of the design of the pipeline itself, the 

recommended pump to be used, the design of a ramp for vehicle and truck crossing, the 

design of an inflow structure where the pump intake will be located, and the design of an 

outflow structure where the water will flow out of the system and into the Banana River. 

Pipeline 

In order to confirm that the pipe system will be able to transport water from the inflow 

structure to the outflow structure, Bernoulli’s equation must be used. The most basic form 

of the Bernoulli equation can be found above in Equation (5). To be able to use Bernoulli’s 

equation, the following must be true: the equation must be used along a streamline, the 

fluid must be inviscid, the fluid must be in a steady state, and the fluid must be 

incompressible. As stated above, all of these factors are true for the given pipe system 

being designed. For the design, terms must be added to the Bernoulli equation to account 

for major head losses due to friction, minor head losses due to fixtures within the pipe 

system, and the head gained from using a pump. The final form of the Bernoulli equation 

used for the design of the pipe system is above in Equation (7). 

For the major head loss term, a friction factor value is needed. The friction factor is found 

using the Moody Diagram, shown above in Figure 3, requiring the Reynolds number to be 

calculated along with the relative roughness. The Reynolds number is calculated using the 

equation below: 

 
𝑅𝑒 =

𝑉𝐷

𝜈
 

 

(16) 
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where 𝑅𝑒 is the Reynolds number, 𝑉 is the fluid’s flow velocity, 𝐷 is the diameter of the 

pipe, and 𝜈 is the fluid’s kinematic viscosity. The relative roughness is calculated using the 

equation below: 

 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 =
𝜀

𝐷
 

 

(17) 

where 𝜀 is the surface roughness of the pipe material and 𝐷 is the diameter of the pipe. The 

friction factor chosen for the calculations of the head losses, regardless of pipe diameter, 

was 0.015. 

For the minor head loss term, a minor head loss coefficient value is needed. Figure 4 above 

shows the minor loss coefficients for various types of pipe fittings; 0.4 was used for the 𝑘𝑙 

of a 45-degree bend while 0.9 was used for the 𝑘𝑙 of a 90-degree bend. 

After rearranging the Bernoulli equation, the total dynamic head loss can be solved for 

given each desired inner pipe diameter. Table 1 shows the various calculated values 

discussed above for a 16-inch (0.41 meter), 20-inch (0.51 meter), and 24-inch (0.61 meter) 

inner diameter pipe. 

Table 1: Pipe Calculations for Losses with Differing Pipe Diameters 

Pipe Inner Diameter (inches) 16 20 24 

Velocity in Pipe (ft/s) 12.647 8.094 5.621 

hl(major) (ft) 33.472 10.968 4.408 

hl(minor) (ft) 11.926 4.885 2.356 

Total Dynamic Head Loss (ft) 47.882 16.871 7.254 

 

Pump 

Once the total dynamic head losses are calculated for the pipe and pump system, the 

required hydraulic power, in horsepower, for a pump can be calculated using Equation (10) 

and the required shaft power, also in horsepower, can be calculated based on the pump 

efficiency using Equation (11), found on the pump bowl performance curves. The MWI 

Pumps Hydraflo Hydraulically Driven Submersible Pump was chosen for the project. The 

pump comes in two different options, axial flow and mixed flow, depending on the 
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diameter of the pipe and the total head losses calculated for that diameter. The overall 

performance ranges can be seen below in Figure 13, with axial flow pumps shown in blue 

and mixed flow pumps shown in yellow. 

 

Figure 13: Overall Performance Ranges for MWI Pumps Hydraflo Pump (MWI Pumps, 

2020) 

For a 16-inch (0.41 meter) inner diameter pipe, based on Figure 13 above, an MWI mixed 

flow pump would be needed to achieve the required head and horsepower. The chosen 

mixed flow model and performance curve can be seen in Figure 14. For a pipe with an 

inner diameter of 16 inches (0.41 meters), the calculated total head loss is 47.881 feet 

(14.594 meters), and the pump efficiency would be 80%, requiring a shaft power of 123 

horsepower. 

For a 20-inch (0.51 meter) inner diameter pipe, based on Figure 13 above, an MWI axial 

flow pump would be needed to achieve the required head and horsepower. The chosen 

axial flow model and performance curve can be seen in Figure 15. For a pipe with an inner 

diameter of 20 inches (0.51 meters), the calculated total head loss is 16.870 feet (5.142 

meters), and the pump efficiency would be 79%, requiring a shaft power of 44 horsepower. 

For a 24-inch (0.61 meter) inner diameter pipe, based on Figure 13 above, an MWI axial 

flow pump would be needed to achieve the required head and horsepower. The chosen 

axial flow model and performance curve can be seen in Figure 16. For a pipe with an inner 
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diameter of 24 inches (0.61 meters), the calculated total head loss is 7.254 feet (2.211 

meters), and the pump efficiency would be 82%, requiring a shaft power of 18 horsepower. 

 

Figure 14: Performance Curve for Mixed Flow 16-inch Diameter Pump (MWI Pumps, 

2020) 
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Figure 15: Performance Curve for Axial Flow 20-inch Diameter Pump (MWI Pumps, 

2020) 
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Figure 16: Performance Curve for Axial Flow 24-inch Diameter Pump (MWI Pumps, 

2020) 
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Table 2 shows the various calculated values discussed above for a 16-inch (0.41 meter), 

20-inch (0.51 meter), and 24-inch (0.61 meter) inner diameter pipe. 

Table 2: Pipe Calculations for Power with Differing Pipe Diameters 

Pipe Inner Diameter (inches) 16 20 24 

Pump Hydraulic Power (horsepower) 98 35 15 

Pump Efficiency (%) 0.80 0.79 0.82 

Pump Shaft Power (horsepower) 123 44 18 

Pump type (MWI Pumps) mixed flow 

HMF16 

axial flow 

HAC316 

axial flow 

HAC316 

 

The most feasible pipe inner diameter was determined to be 20 inches (0.51 meters), due to 

the required hydraulic power and required shaft power. All diameters have a similar pump 

efficiency at the needed flow rate, so pump efficiency was not a factor in determining 

which diameter to choose. Other factors that played a role in the decision are height 

constraints when designing a ramp for vehicles to drive over along with annual cost 

savings by using an axial flow pump compared to a mixed flow pump.  

For the remainder of the pipe and pump system design, a High-Density Polyethylene 20-

inch (0.51 meter) inner diameter pipe will be used with an MWI Pumps Hydraflo HAC316 

pump fitted with a 20-inch discharge flange. The MWI Hydraflo pump will be made out of 

316 stainless steel since the intake will be placed in salt water. 

Ramp Structure 

The majority of the pipe’s path from the inflow structure to the outflow structure is 

uninhabited land with very few disruptions; however, the pipe must eventually cross an 

access road to get to the outflow basin. To protect the pipe from the general public, the 

pipe will be laid across the road inside of the Army Corps of Engineers property, just south 

of the Lock. Figure 17 shows where the pipe will cross the access road, with an arrow 

pointing to the location of the crossing. 
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Figure 17: Location of Pipe Road Crossing (Google, 2021) 

Information worth noting about the road crossing area is that the length of the road is about 

50 feet (15.2 meters), without interfering with the gate to the south and the turn in the road 

to the north; the width of the road is about 20 feet (6.1 meters). Since the pipe will be 

above ground, a ramp must be added so traffic is able to get inside of the Army Corps of 

Engineers property. Due to construction on the Locks, trucks may need access to this road 

to get necessary equipment on the other side, also.   

To successfully design a ramp for cars and trucks to cross over the pipeline, a design 

vehicle needs to be determined. The design vehicle chosen for the ramp design is an 

intermediate semitrailer WB-40 since equipment may need to be trucked in for repairs to 

the Locks. The WB-40 truck has a length of 45.5 feet (13.9 meters), width of 8 feet (2.4 

meters), and wheelbase of 40 feet (12.2 meters) (Harwood, 2003). Figure 18 shows more 

complete dimensions of the design vehicle used (Harwood, 2003). The maximum weight 

of the semitrailer is 80,000 pounds (36,287 kilograms) with a fully loaded trailer and the 

maximum axle load for a tandem axle is 34,000 pounds (15,422 kilograms) (Harwood, 

2003). 
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Figure 18: Semitrailer WB-40 Dimensions (Harwood, 2003) 

Manufacturing companies, such as Bluff Manufacturing, make crossover ramps out of 

heavy-duty steel to protect pipes and allow heavy equipment to pass over the obstacle. 

Bluff Manufacturing crossover ramps can accommodate equipment up to 160,000 pounds 

(72,575 kilograms) (Bluff Manufacturing, 2019). The Crossover Ramp Worksheet with site 

specific dimensions was sent to Bluff Manufacturing to receive a quote for the production 

and freight of a ramp that fits the project location. Figure 19 displays a picture of what the 

ramp would look like while Figure 20 displays the ramp engineering drawing from Bluff 

Manufacturing (Bluff Manufacturing, 2019). 

 

Figure 19: Bluff Manufacturing Crossover Ramp (Bluff Manufacturing, 2019) 
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Figure 20: Bluff Manufacturing Design of Ramp (Bluff Manufacturing, 2021) 

Figure 21 shows a top view of how the ramp will be placed at the project site. 

 

Figure 21: AutoCAD Drawing of Ramp Structure Top View 
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Inflow Structure 

The inflow structure is designed based on the MWI Pumps Hydraflo model HAC316 pump 

specifications and dimensions; the pump will be fitted with a 20-inch discharge flange. The 

horizontal Hydraflo pump, shown in Figure 22, will be submerged and located inside of an 

inflow cage while the electric drive unit, shown in Figure 23, will be located on land and 

on top of a pump skid (MWI Pumps, 2020). 

 

Figure 22: Horizontal Hydraflo Pump (MWI Pumps, 2020) 

 

Figure 23: Electric Drive Unit (MWI Pumps, 2020) 

The inflow structure will be located behind the fenders of the Lock system, where it will be 

the most protected from human impacts and wave activity. The approximate location is 
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shown in Figure 24; the distance from the fender wall to the bank is 65.6 feet (20 meters) 

and the depth is 3.3-6.6 feet (1-2 meters). The electric drive unit will be placed on land 

near the pipeline on top of a skid frame and will be connected to the Hydraflo pump via 

steel conduit supply and return hoses. 

 

Figure 24: Location of Inflow Structure (Google, 2021) 

The MWI Pumps Hydraflo model HAC316 will be installed with a horizontal orientation. 

Standard pump dimensions for the Hydraflo model HAC316 can be found in Figure 25, 

and the electric drive unit dimensions can be found in Figure 26. 
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Figure 25: Hydraflo Water Pump Dimensions (MWI Pumps, 2020) 
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Figure 26: Electric Drive Unit Dimensions (MWI Pumps, 2020) 

Side view and front view AutoCAD drawings of the dimensions of the inflow structure are 

shown in Figure 27 and Figure 28. The spread footing support column is located 4.5 feet 

(1.37 meters) away from the centerline of the intake, and once the pipeline makes contact 

with the ground, it will lay flat on the ground until reaching the outflow.  
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Figure 27: AutoCAD Drawing of Inflow Structure Side View 

 

Figure 28: AutoCAD Drawing of Inflow Structure Front View 
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A side view AutoCAD drawing of the dimensions of the electric drive unit structure is 

shown in Figure 29. A top view of the where the inflow structure will be placed at the 

project site is displayed in Figure 30. 

 

Figure 29: AutoCAD Drawing of Drive Unit Structure Side View 
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Figure 30: AutoCAD Drawing of Inflow Structure Top View 

To calculate an appropriate shallow footing width, Terzaghi’s formula for the ultimate 

bearing capacity of a square foundation is used, along with the equation for the allowable 

bearing capacity, which are shown below (Das & Sivakugan, 2019): 

 𝑞𝑢 = 1.3𝑐′𝑁𝑐 + 𝑞𝑁𝑞 + 0.4𝛾𝐵𝑁𝛾 

 

(18) 

 𝑞𝑎𝑙𝑙 =
𝑞𝑢

𝐹𝑆
 

 

(19) 
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where 𝑞𝑢 is the ultimate bearing capacity, 𝑐′ is the soil cohesion, 𝑞 is the effective 

surcharge, 𝛾 is the effective stress, 𝑞𝑎𝑙𝑙 is the allowable bearing capacity, 𝐹𝑆 is the factor 

of safety, and 𝑁𝑐, 𝑁𝑞, and 𝑁𝛾 are all Terzaghi’s bearing capacity factors. 

In 2013, Terracon Consultants performed SPT soil test borings to obtain SPT N-values at 

different soil depths (Terracon Company, 2013). The SPT versus depth plot for all of the 

soil borings performed is shown in Figure 31. The footing depth is chosen to be 5 feet, so 

soil properties can be determined using the SPT N-value of 20.  

 

Figure 31: SPT versus Depth (Terracon Company, 2013) 



 

 

41 

 

Figure 32 shows correlation values between SPT N-values and two soil properties needed 

in the calculations of Equation (18) and Equation (19): soil unit weight and soil friction 

angle. The cohesion is 0 since the soil is a shelly sand. 

 

Figure 32: Correlation between N- Value and Soil Properties (Rahman, 2019) 

Using the angle of friction and the soil unit weight, every term in Equation (18) and 

Equation (19) can be solved for, except for footing width. The equations are set equal to 

each other in order to solve for the minimum footing width. Table 3 shows all of the values 

used in Equation (18) and Equation (19). 

Table 3: Terzaghi’s Bearing Capacity Values 

γ 

(lb/ft3) 

ϕ 

(degrees) 

c’ 

(lb/ft2) 

Nc q 

(lb/ft2) 

Nq γ 

(lb/ft3) 

Nγ qall 

(lb/ft2) 

FS 

120 33 0 48.09 288 32.23 57.6 31.94 1647/B2 3 

 

Solving for 𝐵, the minimum footing width is 0.7 feet (0.2 meters). To accommodate the 

column portion of the spread footing, the chosen square footing dimensions are 2 feet by 2 

feet (0.6 meters by 0.6 meters). The column dimensions are 1 foot by 1 foot (0.3 meters by 

0.3 meters), and an H member will be attached to the top of the column to secure the pipe. 

A minimum intake clearance is calculated to ensure particles of fine sediment will not be 

entrained into the pump intake. A suction hemisphere must be created around the intake 
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and the radius must be determined, which will also be the intake clearance. Shield's 

parameter, found in Equation (15) above, is used to determine the velocity that will cause 

initial sediment motion. 

The sediment grain used to solve for the velocity is that of coarse silt, shown in Figure 5 

above. The velocity value for initial particle movement was calculated to be 0.059 ft/s 

(0.018 m/s); the velocity value can then be plugged into the flowrate equation (Equation 

(4) above) relating area, velocity, and flowrate, and the radius of the suction hemisphere 

can be determined. With a particle velocity of 0.059 ft/s (0.018 m/s), the radius of the 

suction hemisphere is calculated to be 5.6 feet (1.7 meters). In other words, the intake must 

be at least 5.6 feet above the seabed to ensure particles smaller than coarse silt will not get 

sucked into the pump intake.  

Using Figure 25 and the minimum water level for the pump to start, a minimum water 

depth can be calculated for the location of the pump. The minimum water depth needed for 

the pump intake is 7.8 feet (2.4 meters) to satisfy both the minimum water level required 

for the pump to start and the minimum depth needed to avoid coarse silt sediment particle 

entrainment.   

In order to protect the marine animals in the area, such as manatees and fish, and to protect 

the pump from human impacts, the pump will be surrounded by a cage structure with 

grated screens on the side. The cage will be placed on the seabed and the pipe and intake 

pump will be horizontally placed inside of the cage. An AutoCAD drawing of the cage 

structure with screens to keep out manatees and other important marine life is shown in 

Figure 33. For the protection of manatees, the maximum grating space should be 8 inches 

(0.2 meters) apart (CERP, 2006). For the protection of small fish, the grating should be 1 

inch by 4 inches (0.03 meters by 0.1 meters) (USFWS, 2019). The grating that will be used 

on the caged inflow structure will be 1-inch by 4-inch galvanized steel grating installed 

with the 4-inch (0.1 meters) dimension aligned to the horizontal plane. 
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Figure 33: AutoCAD Drawing of Cage Structure with Screening 

Outflow Structure 

The outflow structure is designed based on the Hydraulics Manual from the Oregon 

Department of Transportation. An energy dissipator is needed at the pipe outlet so that the 

bank is protected from erosion as the water flows out of the pipe and into the Banana 

River. Energy dissipators can be designed in many different forms, including unlined 

pools, internal dissipators, riprap pads, riprap lined basin, drop structures, and complex 

dissipators (ODOT, 2014). The design of the outflow structure for the pipe and pump 

system will specifically examine riprap pads and riprap lined basins.   

Riprap pad dissipators allow the flowing water to cross over riprap before it enters the 

water body it is flowing into, causing a considerable decrease in hydraulic energy from the 

flow (ODOT, 2014). Riprap pads are often used for projects where a low cost and easily 

constructed dissipator is needed, the flow from the pipe outlet has moderate to low velocity 

and depth, and fish passage is not required (ODOT, 2014). An example of a riprap pad 

dissipator is shown in Figure 34. 
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Figure 34: Riprap Pad Dissipator Example (ODOT, 2014) 

Riprap lined basin dissipators allow the flowing water to collide with water already in the 

basin, again causing a considerable decrease in hydraulic energy from the flow (ODOT, 

2014). In this scenario, the riprap lining protects the soil from scour and erosion as water 

flows into the basin (ODOT, 2014). Riprap lined basins are often used for projects where 

fish passage is desired, flow depths and velocities exceed acceptable values for a riprap 

pad, and the pool is not a safety hazard to the public (ODOT, 2014). Figure 35 shows an 

example of a riprap lined basin dissipator. 

 

Figure 35: Riprap Lined Basin Example (ODOT, 2014) 
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The main hydraulic characteristics that determine the type and size of the energy dissipator 

needed, along with the class of riprap rock, are brink depth and Froude number (ODOT, 

2014). Equivalent brink depth is defined as the hypothetical depth of flow at the brink, or 

outlet of the pipe. The equation for equivalent brink depth is below (ODOT, 2014): 

 
𝑦𝑒 = (

𝑎

2
)

0.5

 

 

(20) 

where 𝑦𝑒 is the equivalent brink depth and a is the cross-sectional area of flow. 

Froude number is a dimensionless parameter that expresses the ratio of the inertial force of 

flowing water to the force of gravity. The equation for Froude number is below (ODOT, 

2014): 

 𝐹𝑟𝑒 =
𝑣

(32.2𝑦𝑒)0.5
 

 

(21) 

where 𝐹𝑟𝑒 is the equivalent Froude number of the flow at the brink, 𝑣 is the average flow 

velocity, and 𝑦𝑒 is the equivalent brink depth. 

For the pipe and pump system, the equivalent brink depth is calculated to be 0.93 feet (0.29 

meters) while Froude number is calculated to be 1.85. With the calculation of brink depth 

and Froude number, the ODOT Energy Dissipator Selection Charts can be used to 

determine the type of energy dissipator and the class of riprap rock needed. Figure 36 

shows the appropriate chart for the pipe and pump system. 
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Figure 36: ODOT Energy Dissipator Selection Chart (ODOT, 2014) 

From Figure 36, it was determined that a Class 50 Riprap Pad is an adequate energy 

dissipator for the pipe and pump system. The characteristics of Class 50 riprap are shown 

in Figure 37. The dimensions of the riprap pad are then calculated using the ODOP Riprap 

Pad Dimension Figures, shown in Figure 38 and Figure 39. 

 

Figure 37: Characteristics of Standard Riprap Classes (ODOT, 2014) 
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Figure 38: Dimensions of Riprap Pad (ODOT, 2014) 



 

 

48 

 

 

Figure 39: Dimensions of Riprap Pad Continued (ODOT, 2014) 

The dimensions of the riprap pad were calculated to be 6.67 feet in length, 8.35 feet in 

width, and 2.3 feet in thickness (2.03 meters in length, 2.55 meters in width, and 0.70 

meters in thickness). The riprap pad toe must extend past mean lower low water (a distance 

of 37.7 feet (11.5 meters)) to prevent erosion of the toe. The thickness of the riprap blanket 

must be 12 inches (0.30 meters) (ODOT, 2014). Underneath the riprap, a geotextile, non-

woven filter fabric will be placed on the foundation; a 2-inch (0.05 meters) sand layer is 

also needed on top of the filter fabric to protect it from ripping when coming into contact 

with the riprap rocks. A side view AutoCAD drawing of the dimensions of the outflow 

structure is shown in Figure 40 and a top view of the outflow structure location is shown in 

Figure 41. 
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Figure 40: AutoCAD Drawing of Outflow Structure Side View 

 

Figure 41: AutoCAD Drawing of Outflow Structure Top View 
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Chapter 5  
Discussion 

 

Design Analysis 

An analysis of the design of the pipe and pump system must be performed to ensure the 

system is feasible and will not fail. The overall system can be broken into the five 

components discussed in the Engineering Design section above. For the pipeline, 

calculations were performed for several different inner diameters, and a 20-inch (0.51 

meter) inner diameter pipe was chosen to be the most feasible. When the diameter of the 

pipe is smaller, with a given flowrate, the velocity of water flow must be greater to 

accomplish this flowrate, according to the Continuity of Flow equation (Equation (2)). 

Since the velocity of water flow is squared in the major head loss equation, the result of the 

major head loss with a smaller pipe diameter is significantly higher. The 16-inch (0.41 

meter) inner diameter pipe was determined to be infeasible due to the notably higher 

hydraulic power and shaft power required. The 16-inch (0.41 meter) inner diameter pipe 

would also require a mixed flow pump, which would translate to exponentially higher 

electricity annual costs to run the pump. On the other hand, a 24-inch (0.61 meter) inner 

diameter pipe was determined to be infeasible due to the added height when building a 

ramp to be able to drive over the pipeline. For these reasons, a 20-inch (0.51 meter) inner 

diameter pipe was determined to be the most feasible for the pipe and pump system being 

designed. The material of the pipeline was chosen to be High-Density Polyethylene. HDPE 

pipe is very strong and flexible, so the pipeline can be laid directly on the contours of the 

ground with no extra support. HDPE pipe is also more practical to use for a short-term 

project like the one being designed.  

Once a 20-inch (0.51 meter) inner pipe diameter was selected, a pump could be chosen that 

would fit the pipe diameter. The MWI Pumps Hydraflo pump was chosen since the pump 

is a hydraulically driven submersible pump. MWI Pumps offers four different 20-inch 

(0.51 meter) diameter Hydraflo pump models (HAC316), and the performance curves must 

be used to determine which of the four models is the most efficient for the calculated total 
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dynamic head loss and the given flowrate. The MWI Pumps Hydraflo pump with a model 

number of NC320P0 was chosen with an efficiency of 79%. The material that will be used 

for the Hydraflo pump is 316 stainless steel. The material will make the pump more 

expensive, however, the material will be able to perform more efficiently in the marine 

environment. With salt water, corrosion is a major factor in keeping a pump working, and 

the 316 stainless steel will provide increased corrosion resistance. 

When determining the location of the ramp structure being used to allow traffic to 

maneuver the pipeline, it was decided that a ramp placed on the Army Corps of Engineers 

property would experience the least amount of traffic volume. It was also determined that 

the ramp or pipe would not be tampered with by the public if it were placed in this 

restricted area. Therefore, the location chosen for the ramp structure is the most practical 

location along Mullet Road. Since the ramp must support the load of an intermediate 

semitrailer WB-40, the Bluff Manufacturing ramp will be manufactured out of heavy-duty 

steel, so the pipe is not crushed under the weight of the semitrailer. 

When determining the location of the inflow structure, it was decided that the inflow 

structure, including the cage and the pump intake, would be most protected from human 

impacts and storm wave energy if it were placed behind the Lock fender wall. Placing the 

intake behind the fender wall also reduces the overall length of the pipeline, helping to 

reduce the major head losses experienced by the pipe and pump system. As discussed 

above, the cage with grated screens is needed to ensure fish and manatees are not sucked 

into or harmed from the pump intake. The pipe intake will be supported by a shallow 

spread footing; it will be connected to the footing column via an H member, which will 

prevent the pipe from moving in all directions. The depth of the footing was chosen to be 5 

feet (1.5 meters) to avoid the effects of scour around the square column. Since the pipeline 

will stay submerged until it makes contact with the ground, no additional supports are 

needed to support the weight of the pipeline and water inside of it. Also discussed above, 

the necessary water depth is calculated to be 8.5 feet (2.6 meters) in order to prevent the 

entrainment of coarse silt sediment. Shown in the bathymetric survey taken by Oceanside 
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Solutions, this depth is attainable. Larger gravel can also be placed at the bottom of the 

seabed, below the pump intake, to eliminate sediment entrainment.  

The location of the outflow structure was chosen in an area where there is a split in the 

mangrove forest, so the mangroves are minimally impacted from the construction of the 

pipe and pump system. Based on the Oregon Department of Transportation Hydraulics 

Manual, it was determined a Class 50 Riprap Pad is adequate to dissipate energy from the 

water flowing out of the system. The riprap pad toe was designed to extend into the Banana 

River past mean lower low water, providing an ample distance to prevent erosion at the toe 

due to wave energy when the tide is at its lowest point. 

Cost Analysis 

The cost analysis of the pipe and pump system will include an analysis of first costs during 

the construction of the system, an analysis of annual costs expected over the span of the 

first year, and an analysis of decommissioning costs of the system. The overall project cost, 

including first costs, annual costs, and decommissioning costs, is estimated to be 

$638,502.63, shown in Table 4. 

Table 4: Total Cost Analysis for Pipe and Pump System 

Cost Category Total Cost 

First Costs $511,630.01 

Annual Costs $47,578.63 

Decommissioning Costs $79,293.99 

Pipe and Pump System Total $638,502.63 

 

First Costs 

The analysis of first costs during construction will be broken into five parts based on the 

construction of the different components that make up the system, discussed above in the 

Engineering Design section. Prices for each component of the cost estimate come from 

standard material costs listed by RS Means unless otherwise noted.  
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The cost analysis for the pipeline, shown in Table 5, includes 1,000 linear feet of 24 inch 

HDPE Pipe DR 11 (inner diameter = 19.374 inches and outer diameter = 24 inches), ten 45 

degree 24 inch HDPE DR 11 elbows, and five thrust anchors (JM Eagle, 2013; RSMeans, 

2021; Development Services Department, 2009). The total cost of the pipeline portion of 

the design is $93,635.00. 

Table 5: Pipeline Cost Analysis (RSMeans, 2021; Development Services Department, 

2009) 

Item Number Units Per Unit Cost Total Cost 

24-inch HDPE Pipe DR 11 

(ID 19.374 inches, OD 24 

inches) 

1,000 Linear Feet $86.00 $86,000.00 

24-inch HDPE Elbow DR 

11 - 45 degree 
10 EA $540.00 $5,400.00 

Thrust Anchor 5 EA $447.00 $2,235.00 

Pipeline Total $93,635.00 

 

The cost analysis for the pump, shown in Table 6, comes from a quote from MWI Pumps 

and includes one MWI HAC316 Hydraflo Pump made out of 316ss materials, one 1600E 

electric drive unit in a skid configuration, one 75hp @ 1800rpm electric motor, one auto 

start/stop control panel with floats, and one 50 foot set of hydraulic hoses (MWI Pumps, 

2021). The total cost of the pump portion of the design is $149,092.00. 

Table 6: Pump Cost Analysis (MWI Pumps, 2021) 

Item Number Units Per Unit Cost Total Cost 

MWI HAC316 Hydraflo Pump 

– 316ss Materials; 

1600E Electric Drive Unit – 

Skid Configuration; 

75hp @ 1800rpm Electric 

Motor; 

Auto Start/Stop Control Panel 

with Floats; 

50’ Set of Hydraulic Hoses – 

Stainless Quick Disconnect 

Fittings 

1 EA $149,092.00 $149,092.00 

Pump Total $149,092.00 
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The cost analysis for the ramp structure, shown in Table 7, comes from a quote from Bluff 

Manufacturing and includes one steel fracking ramp and freight from Fort Worth, Texas to 

Melbourne, Florida via C&H Freight (Bluff Manufacturing, 2021). The total cost of the 

ramp structure portion of the design is $49,806.00. 

Table 7: Ramp Structure Cost Analysis (Bluff Manufacturing, 2021) 

Item Number Units Per Unit Cost Total Cost 

Bluff Manufacturing Steel 

Fracking Ramp (32SFR240305) 
1 EA $46,556.00 $46,556.00 

Freight from Fort Worth, Tx to 

Melbourne, Fl Via C & H 
1 EA $3,250.00 $3,250.00 

Ramp Structure Total $49,806.00 

 

The cost analysis for the inflow structure, shown in Table 8, includes one 24 inch stainless 

steel type 316 90 degree elbow, 260 linear feet of stainless steel for the cage frame, 1 inch 

by 4 inch galvanized steel grating, one shallow spread footing, one shallow spread footing 

column, one steel H beam, and one U bolt to fit a 24 inch diameter pipe (RSMeans, 2021; 

Midwest Steel Supply, 2021; McMaster-Carr, 2021; LK Goodwin, 2021). The total cost of 

the inflow structure portion of the design is $7,987.83. 

Table 8: Inflow Structure Cost Analysis (RSMeans, 2021; Midwest Steel Supply, 2021; 

McMaster-Carr, 2021; LK Goodwin, 2021) 

Item Number Units Per Unit Cost Total Cost 

24-inch Stainless Steel Type 

316 90 degree Elbow 
1 EA $169.25 $169.25 

Cage Frame - Stainless Steel 

Square Tube 2 inch by 2 inch 
260 

Linear 

Feet 
$7.00 $1,820.00 

Galvanized Steel Grating 15W4 

- 1 inch by 4 inch (non-serrated) 
5 EA $852.00 $4,260.00 

Shallow Spread Footing - 2 feet 

by 2 feet 
1 EA $228.99 $228.99 

Shallow Spread Footing 

Column - 1 foot by 1 foot 
1 EA $1,114.00 $1,114.00 

Steel H Beam - 8 inch by 15 

inch 
2 

Linear 

Feet 
$19.00 $38.00 

U Bolt - 24-inch Diameter Pipe 1 EA $357.59 $357.59 

Inflow Structure Total $7,987.83 
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The cost analysis for the outflow structure, shown in Table 9, includes ten tons of riprap 

and rock lining (D50=0.56 feet, W100=50 pounds), 40 square yards of nonwoven 

geotextile fabric, and two and a half cubic yards of sand (RSMeans, 2021). The total cost 

of the outflow structure portion of the design is $438.00. 

Table 9: Outflow Structure Cost Analysis (RSMeans, 2021) 

Item Number Units Per Unit Cost Total Cost 

Riprap and Rock Lining 

(D50=0.56 ft, W100=50 lbs) 
10 Tons $32.61 $326.10 

Geotextile Fabric - Non-woven 40 
Square 

Yards 
$1.36 $54.40 

Sand 2.5 
Cubic 

Yards 
$23.00 $57.50 

Outflow Structure Total $438.00 

 

For the complete design of the pipe and pump system, the costs of each individual 

component of the design are summed. A 30% contractor mobilization and overhead cost is 

added to the final project price; a contingency of 40% is also added for miscellaneous site 

work and uncertainties. The total first cost of the pipe and pump system is $511,630.01, 

shown in Table 10. 

Table 10: Total First Cost for Pipe and Pump System 

Structure Total Cost 

Pipeline $93,635.00 

Pump $149,092.00 

Ramp  $49,806.00 

Inflow $7,987.83 

Outflow $438.00 

Subtotal $300,958.83 

Contractor Mobilization, Overhead, and Profit (30%) $90,287.65 

Contingency (40%) $120,383.53 

Total $511,630.01 
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Annual Costs 

The analysis of annual costs expected over the span of one year includes two main cost 

categories: operational costs and maintenance costs. Operational costs include the cost of 

electricity for the pump to run 24 hours a day for 365 days, or one full year (ElectricRate, 

2020). Maintenance costs include the cost of pump maintenance and the cost of expected 

maintenance to the pipeline (US Department of Energy, 2001). A contingency of 40% is 

added to account for increased electricity costs and unexpected maintenance costs. The 

total annual cost of the pipe and pump system is $47,578.63, shown in Table 11. 

Table 11: Total Annual Cost for Pipe and Pump System (US Department of Energy, 

2001; ElectricRate, 2020) 

Item Number Units Per Unit Cost Total Cost 

Electricity 287423 Kilowatt Hours $0.1165 $33,484.73 

Routine Maintenance 1 EA $500.00 $500.00 

Subtotal $33,984.73 

Contingency (40%) $13,593.89 

Total $47,578.63 

 

Decommissioning Costs 

The analysis of decommissioning costs expected at the end of the project’s lifespan 

includes the removal of different components that make up the system (RSMeans, 2021; 

Kaiser, 2017; CDM Smith, 2017). A 30% contractor mobilization and overhead cost is 

added to the final project price; a contingency of 40% is also added for miscellaneous site 

work and uncertainties. The total decommissioning cost of the pipe and pump system is 

$79,293.99, shown in Table 12. 
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Table 12: Total Decommissioning Cost for Pipe and Pump System (RSMeans, 2021; 

Kaiser, 2017; CDM Smith, 2017) 

Item Number Units Per Unit Cost Total Cost 

Riprap Removal 10 Tons $33.25 $332.50 

Shallow Footing Removal 1 EA $268.60 $268.60 

Pipeline Removal (On Ground) 850 Feet $11.40 $9,691.29 

Pipeline Removal (Underwater) 150 Feet $57.01 $8,551.14 

Safety Signs 5 Days $2,000.00 $10,000.00 

Diver, Boat, Misc. 5 Days $3,560.00 $17,800.00 

Subtotal $46,643.52 

Contractor Mobilization, Overhead, and Profit (30%) $13,993.06 

Contingency (40%) $18,657.41 

Total $79,293.99 

 

Permitting 

Before the construction phase of any project, the necessary permits must be obtained in 

order to comply with all federal and state mandates and regulations. For all of the permits 

required, a permit applicant must be designated. The necessary permits to consider for the 

pipe and pump system designed above can be divided into two categories: federal permits 

and state permits. 

Federal Permits 

For any construction activities that occur in, under, or over the Nation’s navigable waters, a 

permit must be obtained from the U.S. Army Corps of Engineers (USACE, 2021). Under 

the USACE Regulatory Program authority, two types of permits can be issued: general 

permits or Individual Permits. A general permit, issued in the form of a Nationwide Permit, 

Regional General Permit, or Programmatic General Permit, is issued by the USACE for 

projects that result in minimal adverse effects (USACE, 2021). When a project has more 

than minimal adverse effects, an Individual Permit must be obtained that uses 

supplementary environmental criteria in the decision process (USACE, 2021). There are 

two types of Individual Permits: Standard Permits or Letters of Permission. Both types of 

Individual Permits include involvement from several commenting agencies; however, a 

Standard Permit is more complex, as it involves the publication of an individual public 



 

 

58 

 

notice, while a Letter of Permission only includes a public interest evaluation (USACE, 

2021).  

The National Environmental Policy Act (NEPA) is an environmental law, passed in 1969, 

that requires the preparation of an Environmental Impact Statement (EIS) for any major 

federal action that will significantly affect the quality of the human environment (Salzman 

& Thompson, 2019). An EIS is a report that outlines the expected impacts of a proposed 

action on the environment; the report must also outline alternative designs and state the 

expected impacts of these alternatives (Middleton, 2021). If it is unsure if an EIS must be 

prepared, an Environmental Assessment (EA) can first be performed. It can then be 

determined if there was a Finding of No Significant Impact (FONSI) or if a full EIS needs 

to be completed (Salzman & Thompson, 2019). For the pipe and pump system, an EA or 

EIS may be required to comply with NEPA if the permit applicant is a federal agency, like 

the U.S. Army Corps of Engineers. 

State Permits 

In the state of Florida, the Environmental Resource Permit (ERP) Program regulates 

activities that may alter surface water flows; under the program’s operating agreement, 

ERP applications are processed by one of Florida’s Department of Environmental 

Protection (FDEP) district offices or by one of Florida’s Water Management District 

offices, and authorization must be obtained to proceed with construction (FDEP, 2021; 

SJRWMD, 2021). For the pipe and pump system being proposed in Melbourne, Florida, an 

ERP must be submitted to the St. John’s River Water Management District (SJRWMD). 

The purpose of an ERP is to ensure new construction activities will not have adverse 

impacts on water quantity, water quality, or wetland functions; if impacts to the wetland do 

occur, mitigation is required to offset these adverse effects (SJRWMD, 2021). 

Alternative Recommendations 

The pipe and pump system designed above has proven to be a feasible, short term project 

to introduce ocean water into the Banana River in order to test the physical, chemical, and 

biological impacts of the added flow. A pipe and pump system, however, would not be 
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practical for a long-term project to improve water quality throughout the IRL. The flowrate 

needed for a larger area of influence is much greater than the proposed 17.7 ft3/s (0.5 m3/s), 

and these flowrates would not be attainable via a single pipe and pump system. 

In order to achieve a flowrate at a magnitude that would help to improve water quality in a 

larger portion of the IRL, a weir could be constructed as an alternative design. A weir is a 

structure, typically fabricated out of concrete, that is built across a channel to control water 

flow characteristics through that channel. For the design of a weir structure to aid in 

flushing the IRL, a small strip of land that contains the ocean on one side and the Indian 

River or Banana River on the other could be excavated, and the structure could be installed 

to control the new source of inflow. Gates can also be built into the weir structure to allow 

the flow to be closed off at any moment in time, for example, during a storm event or 

during extremely low tides. Figure 42 shows an example of a weir structure constructed 

with a gate system. 

 

Figure 42: Weir Structure with Gate System (Pxfuel, 2020) 

For a weir structure, the flowrate depends on two main components: the length of the weir 

and the weir head. Since the weir head depends on the water elevation upstream of the 

weir, the weir head will fluctuate with the tidal cycle of the ocean. The equation below can 

be used to obtain the flowrate of water through a low-crested weir (Saberi & Weaver, 

2016): 
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𝑄 =

2

3
𝐶𝑑𝑏ℎ√2𝑔ℎ 

 

(22) 

where 𝑄 is the flowrate, 𝑏 is the weir length, ℎ is the weir head, and 𝐶𝑑 is the discharge 

coefficient. 

Tidal elevation data from NOAA’s Trident Pier, Port Canaveral station from March 16, 

2019 to March 15, 2020 was used to obtain a weir head to be used in Equation (22) in 

order to calculate an average yearly weir flowrate with differing weir lengths (NOAA, 

2020).  

Table 13 shows the average yearly flowrate values during the given time frame based on 

differing weir lengths. 

Table 13: Average Yearly Flowrate with Differing Weir Lengths 

Weir Length (ft) 164 328 492 656 

Average Yearly 

Flowrate (ft3/s) 
269 537 806 1074 

Weir Length (m) 50 100 150 200 

Average Yearly 

Flowrate (m3/s) 
7.6 15 23 30 

 

Although a weir structure would be able to support much greater flowrates, construction of 

the weir would be very invasive to the land surrounding the project site. Another 

alternative design is to integrate a weir into the Lock system. Upon redesigning the Lock 

gates, gates could be chosen that can be lowered to allow water flow during periods of high 

tide in Port Canaveral; during this period, the gates would function as a weir. During 

periods of low tide, the gates could close completely and function as a Lock, only opening 

to allow ship traffic. An advantage of incorporating a weir into the Lock gates is that the 

gates could be lowered or lifted to change the weir crest height, hence allowing the weir 

head to be controlled. For example, if the gates are lowered and it is determined that the 

flowrate is too substantial, the gates could be lifted slightly to reduce the flowrate. 

Examples of pivoting weir gates that could be used to replace the existing Canaveral Lock 

gates are shown in Figure 43 and Figure 44. When designing these gates on a larger scale 
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to fit Canaveral Inlet, the gate hinge would be placed on the inlet bed and the gate would 

be able to lower to the depth of the seafloor.  

 

Figure 43: Pivoting Weir Gates Example (Fresno Valves & Castings, 2021) 

 

Figure 44: Weir Integrated into Lock Gates Design Example (Yellow & Finch, 2021) 
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Chapter 6  
Conclusion 

 

The biological integrity and ecological integrity of the IRL system have shown notable 

evidence of decline in the last few decades, due to a significant decrease in water quality; 

two major factors for this decrease in water quality are pollution and disruptions to natural 

circulation patterns. The impacts from enhanced inflow of ocean water into the Banana 

River and the IRL system include improved flushing time for tracer concentrations, 

translating to a decrease in pollution and nutrient levels, thus improving the overall water 

quality within the Banana River. The most practical short-term structure to be designed to 

allow an inflow of ocean water into the Banana River for one year is a pipe and pump 

system. The system will be located inside of Port Canaveral, with the intake structure 

constructed behind the Lock fender wall and the outflow structure constructed on the west 

side of Mullet Road leading into the Banana River.  

The most efficient pipe diameter is calculated to be 20 inches (0.51 meters) in order to 

minimize head losses while also maintaining a feasible height to build a ramp over. High-

Density Polyethylene pipe with an inner diameter of 20 inches (0.51 meters) and outer 

diameter of 24 inches (0.61 meters) will be used for the pipeline. The axial flow MWI 

Hydraflo Hydraulically Driven Submersible Pump model HAC316 is chosen to meet the 

flowrate needs, given the pipe diameter and total head loss. The pipe inflow is designed 

with a horizontal pump orientation, ensuring the intake has a clearance that will not allow 

for sediment entrainment, and a shallow spread footing will support the weight of the 

intake. An inflow cage structure with screening is designed to be built around the intake 

pipe to protect manatees and other marine life from injury, and the electric drive unit of the 

pump will be placed landside on a skid frame. Finally, an outflow structure is designed 

with a riprap pad to allow water to flow into the Banana River sub-basin without eroding 

the bank. The complete engineering design of the pipe and pump system has been adopted 

by Tetra Tech, and the adopted design can be found in the Design Adoption section in the 
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Appendix. The adopted design has also been submitted to the Army Corps of Engineers for 

review. 

The overall project cost, including first costs, annual costs, and decommissioning costs, is 

estimated to be $638,502.63. The first cost of the pipe and pump system, including 

material costs, a 30% contractor mobilization and overhead cost, and a contingency of 

40%, is estimated to be $511,630.01; the annual cost expected in the first year is estimated 

to be $47,578.63, and the cost for decommissioning of the system is estimated to be 

$79,293.99. Prior to construction of the pipe and pump system, the necessary federal and 

state permits must be obtained to ensure adverse impacts are minimal and mitigated for; 

these include a general permit or Individual Permit from the U.S. Army Corps of Engineers 

and an Environmental Resource Permit from the Florida Department of Environmental 

Protection in operation with the St. John’s River Water Management District. Alternative 

design options for a more permanent, long term project that will aid in flushing out the IRL 

include the construction of a weir structure or the integration of a weir into the design of 

the Canaveral Lock gates. 
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Appendix 
 

Quotes 

 

Figure 45: MWI Pumps Quote (MWI Pumps, 2021) 
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Figure 46: Bluff Manufacturing Ramp Worksheet Submitted Page 1 
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Figure 47: Bluff Manufacturing Ramp Worksheet Submitted Page 2 
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Figure 48: Bluff Manufacturing Quote (Bluff Manufacturing, 2021) 
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Preliminary Designs 

 

Figure 49: Preliminary Inflow Design Side View with Piles 
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Figure 50: Preliminary Inflow Design Front View with Piles 
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Figure 51: Preliminary Ramp Design 
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Design Adoption 

 

Figure 52: Tetra Tech Design Adoption Page 1 (Tetra Tech Inc., 2021) 

 

Figure 53: Tetra Tech Design Adoption Page 2 (Tetra Tech Inc., 2021) 
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Figure 54: Tetra Tech Design Adoption Page 3 (Tetra Tech Inc., 2021) 

 

Figure 55: Tetra Tech Design Adoption Page 4 (Tetra Tech Inc., 2021) 
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Figure 56: Tetra Tech Design Adoption Page 5 (Tetra Tech Inc., 2021) 

 

Figure 57: Tetra Tech Design Adoption Page 6 (Tetra Tech Inc., 2021) 
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Figure 58: Tetra Tech Design Adoption Page 7 (Tetra Tech Inc., 2021) 

 

Figure 59: Tetra Tech Design Adoption Page 8 (Tetra Tech Inc., 2021) 
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Figure 60: Tetra Tech Design Adoption Page 9 (Tetra Tech Inc., 2021) 

 

Figure 61: Tetra Tech Design Adoption Page 10 (Tetra Tech Inc., 2021) 


