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Abstract

It is the intention of the International SeaKeepers Society to adapt the SeaKeeper1000 shipboard ocean monitoring system to study the conditions of coastal waters along densely populated and remote seashores. Dr. Eric Terrill and his group at the Coastal Observation Research Development Center (CORDC) of the Scripps Institution of Oceanography (SIO) worked in coordination with the SeaKeepers Society to study the effectiveness of the SK1000 mounted on Scripps Pier in La Jolla. The system was fed by a pump 14.3 m (47 ft) below the sensors and 3.0 m to 4.6 m (10 ft-15 ft) below the surface of the water depending on the tide. From their study it was found that the influx of sediment and the growth of organic material, known as biofouling, in the sensor chambers required regular cleaning, which is an inconvenience for populated coastal settings and is highly problematic in remote settings. The purpose of this project was to significantly reduce, if not eliminate, these problems thereby minimizing required maintenance. To prevent sedimentation, a hydrocyclone was installed after the pump and before the sensors. The geometry of the hydrocyclone creates centripetal forces which push the sediments to the perimeter where their greater specific gravity then acts to settle them to the bottom. There are two outputs on the hydrocyclone, a clean overflow and an underflow which evacuates the sediments. Biofouling was addressed using a continuously run UV disinfectant light unit attached to the system after the hydrocyclone and prior to the sensor unit. In addition, as chlorine has been shown in research to have positive feedback effects on overall biocidal efficiency in combination with UV light, the original chlorinator was kept in place at the intake of the pump. A study was conducted using FloWorks to determine the necessary run time for the chlorine cycle and it was concluded that the 2.5 minute run time in the original design was acceptable and thus was retained.
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Executive Summary
The SK1000 is an oceanic monitoring system initially designed for use aboard yachts and cruise ships. The International SeaKeepers Society was working with CORDC at SIO on adapting the system for use in coastal monitoring off piers in both easily accessible and isolated locations. The long term goal of both organizations was to construct an international oceanographic observation network utilizing ocean vessel deployments, deep sea buoys, and coastal pier based deployments. Eric Terrill and his team at CORDC were evaluating the SK1000 for pier use on Scripps Pier at La Jolla Shores. During the process of evaluating the SK1000, systematic problems arose due to the build-up of sediments and the growth of biofouling inside the sensor chambers. The SK1000 unit had an electrolytic chlorine generator and coarse mesh as preliminary methods of anti-biofouling and anti-sedimentation, however, these prevention methods became ineffective after two months time necessitating manual cleaning. Thus it was the aim of this project to limit the maintenance requirement to at most twice a year.
In order to properly address these problems a thorough flow analysis was performed on the entire system. From this analysis the flow rate was calculated to be 6.3x10-5 m3/s (1.0 gpm) with about 45 m (147 ft) of additional head provided by the pump, which corresponds to a total head loss of 29 m (94 ft). To verify this model the team performed a simple test using the system output to fill a container for 10 minutes and measuring the volume. From this test the flow rate was found to be 6.4x10-5 m3/s (1.016 gpm). Furthermore, a pressure gauge was placed on the input to the sensor unit and with the output flow blocked the amount of head was found to be approximately 15.2 m (50 ft).

A hydrocyclone was installed in the system between the pump and the sensors. Sediments were separated by centripetal forces generated by the geometry of the hydrocyclone. Testing of the hydrocyclone was conducted by placing the pump in a reservoir of seawater with suspended sediment to simulate operation on the pier. The performance of the hydrocyclone was tested and continuously monitored for 18 hours until the equivalent of 6 months worth of sediment had been captured. During this test backpressure was not found to increase appreciably and with a 99% effectiveness the hydrocyclone was validated as the final solution to sedimentation.
The existing chlorine generator was retained. From research it was deemed that a daily 10 minute chlorination routine would be sufficient. This routine consisted of a 2.5 minute period in which the pump was run as chlorine was generated and a 7.5 stall period where both pumping and chlorine generation were ceased. In addition to the chlorinator, a UV disinfectant light system was chosen as the primary anti-biofouling solution. The turbidity of the sampled seawater was of concern as to the effectiveness of the UV system and required testing. As the presence of Adenosine TriPhosphate (ATP) is indicative of biological life, a standard luciferin-luciferase ATP assay method was used to determine the amount of ATP present before and after the UV system. Through this method the UV disinfectant system was found to destroy 93% of biological matter independent of the chlorine generator. As a result of its effectiveness the UV disinfection system was considered successful.
Project Description

Background

In process of the CORDC evaluation of the SK1000, the build-up of sediments and the growth of biofouling inside the sensor chambers were critical problems for the sensor system. Biofouling growth on the metal components of the sensors led to inaccurate readings of the ocean conditions and the propagation of sediment created safe-havens for biofouling inside the system. Large amounts of stratified oceanic particulates in the biologically-enriched nature of coastal waters as compared to deep sea deployments of the original system made the existing sediment and biofouling prevention methods utilized in the original Seakeeper system insufficient. In this project, the group worked with the CORDC and the International SeaKeepers Society to reduce the high maintenance requirements of the pier based SK1000 oceanographic monitoring system. The module developed will be utilized in the SK1000 Scripps Pier evaluation unit and possibly incorporated into the future pier based deployments.
Review of Existing Designs Solutions

Prior to the start of this project the SK1000 system was located 11.3 m (37 ft) above the mean lower low water (MLLW) sea level at the end of the Scripps Pier. Seawater was fed to the system via a SunPump SDS model D submersible pump submerged 3.0 m (10 ft) below the MLLW sea level. The pump was housed in an assembly which contained all of the existing biofouling and sedimentation prevention methods of the SeaKeeper system. For the prevention of sedimentation, the assembly had a coarse mesh filter at the intake, a settling chamber, and a SunPump filter with a slightly smaller mesh size. The biofouling prevention method was an electrolytic chlorine generator which was computer activated for a daily chlorination cycle. The chlorination cycle consisted of a 2.5 minute activated mode, and a 7.5 minute rest mode. A schematic of the existing system can be seen in Figure 1.


[image: image3]
Figure 1. Schematic of SK1000 mounted on the Scripps Pier.

Statement of Requirements

This project had two main objectives, to prevent accumulation of sediment and biofouling growth in the SK1000 system. A secondary goal of the project was to improve the layout of the sensor unit in a more organized manner. In order to determine the best course of action to reduce sedimentation, a flow analysis of the whole system was required. It was also necessary to determine the effectiveness of the activated and rest modes of the original chlorination routine. Any components introduced to the system were required to be compatible with the flow rate of 6.3x10-5 m3/s (1.0 gpm).

Deliverables

· Maintain a modular setup within SK1000 sensor system

· Reduce system maintenance

-  Maximum of biannual maintenance

· Biofouling reduction components

· Sedimentation reduction components

Definitions of Where and How the Project Will Be Used.

This project should effectively adapt the SK1000 unit for pier based coastal monitoring. If successful, these units will be placed on piers and in coastal waters around the globe in both highly populated and remote locations. It is hoped that through the data collected researchers will get a more thorough look at the impact of society on the coastal ecosystem.
Design Solutions Considered

The design process for sedimentation prevention was a fairly linear process leading to the use of the hydrocyclone. The design solutions considered in this process can be seen in Table 1. In contrast, the design process used for biofouling prevention was a more cyclical process due to a disparity in the amount of theoretical data on biofouling prevention versus actual products on the market. As a result, numerous methods for biofouling prevention were researched but only four methods were seriously considered. The design process for the biofouling prevention component including a list of pros and cons of each prevention method is listed in Table 2. 

Primary Designs Considered – Sedimentation Component

	Sedimentation Chamber
	Self-Cleaning Filters
	Membrane Filtration

	Designing a simple sedimentation chamber seemed to be the easiest design for reduction of sedimentation. Upon further research, it was determined that the mixing of the input flow induced by an effective sedimentation chamber would jeopardize accurate real-time measurements.
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Figure 2: Sedimentation Chamber


	The second option was to reduce sedimentation with a self-cleaning filter. Upon initial research it was found that most self-cleaning filters available for purchase were industrial sized and required much higher flow rates than those provided by the system.
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Figure 3: RotoFlush Sediment Filter


	Membrane Filtration initially seemed to be a viable option due to suitable flow rate requirements. However, the water tested with this system is filtered and treated until it meets tap water standards, thus implementing this filtration system would invalidate the results of the seawater monitoring
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Figure 4: AnTunes Membrane and Chemical Filter



	Custom Sand Separator
	VU-Flow Sand Separator
	Hydrocyclone

	Existing sand separators provided filtration options with relatively low required flow rates of 2.5x10-4 m3/s - 0.0016 m3/s (4 gpm -25 gpm). Research was performed on the centrifugal filtering method in order to create a sand separator suitable for the system’s flow speeds. 
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Figure 5: Sand Separator


	The VU-Flow made from PVC material was ideal for seawater conditions. In addition to centripetal separation, it had an integrated 15 micron mesh. An automated purge valve cleaned the integrated filter daily. However, the VU-Flow was rejected due to failure during testing.
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Figure 6: VU-Flow Sand Separator


	Hydrocyclone technology was deemed the best option due to its robust design and optimal flow characteristics. The CSI hydrocyclone has a constant underflow which constantly evacuates sediments with a specific gravity greater than 1. In addition the underflow can be adjusted to provide the best overflow-to-underflow ratio.
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Figure 7: CSI Mini-Hydrocyclone




Table 1: Major Sedimentation Prevention Methods Considered

Primary Designs Considered – Biofouling Component

	Chlorine
	Ultraviolet

	The first step in the prevention of biofouling propagation was the existing chlorine generator and chlorination cycle. During inspection of the pump module it was found that the chlorine generator had deteriorated after exceeding the expected life span of 1 year. The platinum anode plates had corroded and thus were incapable of generating the intended concentration of chlorine necessary for the flush cycle. A new chlorine generator was to be integrated into the pump module for a daily chlorine flush of the pump, intake and sensor systems. 

PROS:

∙ Existing Integration in System

∙ Proven Biocide

∙ Keeps Pump/Input lines/Hydrocyclone clean

CONS:

∙ Electrolysis Degradation

∙ Unknown Capabilities
	The second option was the use of ultraviolet radiation for biofilm and macrofouling prevention. Ultraviolet radiation penetrates an organism’s cellular structure, causing a molecular rearrangement of the DNA, effectively eliminating bacteria, mold, algae, fungi, and protozoa. This option was initially dismissed in favor of ultrasound which had better biocidal efficiency while requiring only short periods of operation and worked well with turbid seawater. However, ultraviolet radiation as a secondary biofouling prevention method was reanalyzed and integrated into the system. The Sterilight UV system is a continual use UV system for the biological purification of water and works in coordination with the chlorine biocidal treatments.

PROS:

∙ Easily Integrated into System

∙ Low Power (Can be Run Continuously)

∙ Positive Feedback with Biocides

CONS:

∙ Low effectiveness with very turbid water

∙ Necessary Lamp Replacement

	Ultrasound
	Ozone

	Research into ultraviolet radiation as a biofouling prevention method led to the idea of utilizing ultrasonic waves as the primary method. Ultrasound is currently utilized for both industrial and medical cleaning of surfaces. Ultrasound creates cavitation bubbles which detach biofilms and destroy stratified biological organisms. In addition, ultrasound has high positive feedback properties with biocides in increasing biocidal efficiency. However, ultrasound was dismissed as integration of ultrasonic transducers into the existing sensors proved to be exceptionally difficult and would have required the redesign of existing components.

PROS:

∙ Theoretical Effectiveness against Biofouling

∙ High Positive Feedback with Biocides

∙ Can be Run as Little as 30s a Day and be Effective

CONS:

∙ Difficult Integration into Existing System

∙ High Power Consumption
	The last option seriously considered for the prevention of biofouling was the integration of ozone as the biocide. Ozone is currently utilized in a variety of water treatment regimes as it is a more efficient biocide than chlorine. These systems use high voltage corona discharge to create ozone (O3) from molecular oxygen present in the air and must therefore be located above the submerged pump module. Thus ozone was rejected as a biocidal replacement to chlorine which may be introduced before the pump to keep the pump and intake flow pipe free of biofouling.

PROS:

∙ Easily Integrated into System

∙ Proven Biocide

∙ Environmentally Safer than Chlorine

CONS:

∙ Does Not Benefit Chlorine as Biocide

∙ Cannot Replace Chlorine Cleaning of Pump/Lines


Table 2: Major Biofouling Prevention Methods Considered

Risk Reduction Effort

To guarantee the implementation of an effective anti-sedimentation system, sediments were collected from the existing system and sent to Geocon, a geotechnical lab. Geocon tested the sediments and provided information about the distribution of densities and diameters of the sediments in question. This information made it possible to select appropriate components to address the sediments settling in sensor chambers.

Another factor limiting the selection of sediment filtration systems was the unknown flow speed of the existing system. To determine this value the water input into the sensor system was disconnected and fed into a large container of known volume. The time it took the pump to fill the container was measured and a flow speed of 6.4x10-5 m3/s (1.016 gpm) was calculated. This risk reduction effort narrowed the group’s search to filtration systems able to operate at a flow speed of 6.3x10-5 m3/s (1 gpm). 

The final risk reduction effort was to move the sensor system off of Scripps Pier and into a more accessible location to test new components in a simulated system. Before moving the system, the sensor system’s input pressure and flow velocity were measured to create the design conditions of the simulated system. The setup consisted of a seawater input, flow reducer, ball valve, pressure gauge, and a flow gauge leading into the new components for testing. Once the components were finalized, the new system was connected to the SK1000 for complete system testing.
Justification of Design Choice

Justification of the sedimentation prevention component was based upon a combination of thorough research and rigorous component testing. Initial research into existing solutions focused on looking at designs which matched the flow specifications of the project. As the flow rate was so low, there was difficulty at first in finding applicable, small-scale designs. Furthermore, this project required a robust design which could be left unmonitored for extended periods of time. In essence, this consideration limited the possible components to those capable of self-cleaning, purging, or continuously expelling separated sediments. 

The VU-Flow filter appeared to fit the necessary specifications for the design and on that basis was purchased as the anti-sedimentation solution. An initial test was performed running sea water from the simulated system and directly injecting sediments inline into the filter. This test and the purge test seemed to indicate that the filter would be an appropriate solution. A further test was performed with the filter mounted 6.1 m (20 ft) above the pump which was placed in a reservoir of seawater and sediments. From this last test it was found that the filter would clog quickly. The centripetal separation method did not operate properly, because the filter was being operated at the very boundary of the manufacturer’s specified flow rate range. In addition, the filter purge was completely ineffective at eradicating the separated sediments. It was surmised that the heavier larger sediment particles would not make the trip up 6.1 m (20 ft) of tubing and thus only the smaller lighter particles would make it up to the filter. These smaller particles were lodging on the mesh rather than at the bottom of the filter as expected, thereby eliminating the purge effectiveness and clogging the system. The clogging of the system by the small particulates therefore eliminated the VU-Flow as a potential option as the system would, if left unchecked, catastrophically fail.

Fortunately the group had run across hydrocyclones while searching for centrifugal sand separators and was able to find a unit with an operating flow rate range of 4.4x10-5 – 8.8x10-5 m3/s (0.7 – 1.4 gpm). Running the hydrocyclone with the pump in the same test setup as the VU flow filter with 6.1 m (20 ft) of head showed very promising anti-sedimentation results. After running the test for 18 hours it was decided that the hydrocyclone was the best solution with no visible sediments in the outflow and a large amount of sediments separated out in the underflow. Due to the continuous sediment discharge of the hydrocyclone underflow, there was no need for automated purge cycles or pressure feedback control. In addition, the hydrocyclone is a robust component that will not corrode, has no moving parts, and no filter meshes. 

In terms of biofouling solutions, the first step was thorough research into the process of biofouling and the existing and theoretical prevention methods. After this research period, it was decided that the best new solutions included ultraviolet radiation, ultrasound generation, and ozone generation. These solutions were of the few that could work for an extended period of time with the system. The biofouling prevention methods that were only researched but not considered were incompatible with the system, harmful to the environment, or in purely theoretical development phases. Ultraviolet radiation, ultrasound generation, and ozone generation require only electricity to function and thus do not contaminate the water being sampled. Ozone was examined as it could be easily generated by high voltage corona discharge and directly injected inline into the piping system. However ozone was dismissed as it does not benefit the existing chlorine generator as compared to the other solutions and could not replace the chlorinator because the ozone generator would have to be positioned on the pier after the pump system. Ultrasonic transducers offered high anti-biofouling characteristics, however due to the nature of ultrasound generation, each sensor chamber would require its own ultrasonic transducer. Integrating new components into the existing sensor chambers proved exceedingly difficult as the space necessary was greater than the space available. Ultrasound also has the downside of drawing large amounts of current to create the cavitation effect which is not ideal for remote locations of the SK1000 that would run on solar power. After research, ultraviolet radiation was found to work well in conjunction with the chlorine by multiplying its effectiveness. The Sterilight UV system also has the advantage of a low power consumption of 19 watts and the bulbs are guaranteed to work for one year. Therefore, the UV component could be run continuously and thus treat all of the SK1000’s input sea water.

Description of Final Design

Assumptions
· Based on a FloWorks analysis, a time interval of 2.5 minutes is long enough to allow the chlorination to cycle through the entire system.

· The chlorine solution needs a time interval > 7.5 minutes to be most effective.

· The centripetal forces used in the hydrocyclone will remove all sediments of specific gravity >1.

· Although the UV component may act as a settling chamber, the rate of particle accumulation will not hamper its effectiveness.

Summary of Final Design
The final setup was designed to reduce biofouling and sedimentation with three main components. These components were setup in series along with the pump and the sensor system. See Figure 8 for a schematic showing the relative locations of these components. The initial component in the entire SK1000 system, relative to the flow path, is the chlorinator. This component is used to reduce biofouling within all subsequent components of the system. From here the flow continues on to pass through the pump and into the hydrocyclone, the first component in the preconditioning module. The hydrocyclone removes the input sediment using centripetal forces and leaves clean water for the next component in the preconditioning module. The next preconditioning component is an ultraviolet disinfection system used to further reduce biofouling. Finally, after the preconditioning module, the treated flow enters into the sensor system.

[image: image10.png]Water
Inlet

— [Chlorinator

—| Pump Hydrocyclone

|

Reduces
Biofouling

Reduces
Sedimentation Biofouling

Sensors

_, Water

Outlet




Figure 8. Schematic of final design.

Chlorinator

The chlorinator used in the final design was the same as that used prior to this project. A FloWorks analysis was completed to determine the maximum time necessary for a particle of water to run through the entire system. This determined that the existing run time of 2.5 minutes for chlorine generation with the pump on was sufficient to expose the entire system to the chlorine. The settling time (when the pump is turned off to allow the chlorine solution to briefly remain in the sensor system) was kept at 7.5 minutes to allow for sensor exposure to the chlorine solution. The reduction of the sedimentation levels (due to the addition of the hydrocyclone) allows the chlorine to reach all areas of the sensor system further increasing its efficiency.

Hydrocyclone

The hydrocyclone divides the flow into a clear water overflow and a sediment laden underflow. For this application the division of flow was adjusted to 4/5 overflow and 1/5 underflow. The centripetal action flushes out sediments of a specific gravity > 1 in the underflow of the system and is induced solely by the geometry of the hydrocyclone. This component was found to be a more reliable method of sedimentation removal over the alternative method of a self cleaning filter. The mesh screen used in self cleaning filters such as the VU Flow greatly increased the chances for a catastrophic failure. In addition, the hydrocyclone has no moving parts as opposed to the initially considered centrifugal separators.

Sterilight UV Disinfection System

The Sterilight component was chosen to aid in the reduction of biofouling for its ability to eliminate bacteria, mold, algae, fungi and protozoa by means of ultraviolet radiation. UV was decided upon over ozone for its ability to compliment the effects of chlorination. The Sterilight runs 24 hours/day with a minimal power consumption of 19 watts. A system with a flux of 40 mJ/cm^2 at 9.5x10-5 m3/s (1.5 gpm) and 30 mJ/cm^2 at 1.3x10-4 m3/s (2.0 gpm) was chosen to compensate for the high turbidity of seawater at the system’s lower flow rate of 6.3x10-5 m3/s (1.0 gpm) thus increasing the flux further to an estimated 46 mJ/cm^2. The limiting factor of the Sterilight maintenance is expected to be the bulb lifetime. This is guaranteed for 1 year which exceeds the expectations of this project.  
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Figure 9. Final component box for the preconditioning module housing the UV disinfection system (left) and the hydrocyclone (right).

With these three components working in series to prevent biofouling and sedimentation a significant decrease in maintenance is expected, see Figure 9. Prior to this project maintenance occurred approximately 5 to 6 times a year. The expected result of this project is a decrease in maintenance to a maximum of 1 or 2 times a year.

Analysis of Performance

Assumptions

· Water pressure at pier for FloWorks analysis is constant: Based upon combination of MATLAB program and physical testing 

· Water pressure from pump is constant: Based upon values from pump spec sheet

· Water temperature is constant: Based upon previous SeaKeeper temperature measurements at Scripps Pier

· Air pressure at pier is constant: Based upon previous SeaKeeper pressure measurements at Scripps Pier

· Water absolute viscosity is constant: Based upon values from a table found online

· Water density is constant: Based upon values from a table found online

· Height of pier in correlation to pump: Based upon blue prints and measurements
· Tidal fluctuations and relation to head loss: For worst case measurements of head loss, tidal calculations assumed to be at mean lower low water (MLLW, based upon 19 years of low tide values) tidal value
· Sedimentation rate: Based on acquired sediment over 6 month run time of system
Analytical Methods Used

Flow analyses were performed utilizing both MATLAB and SolidWorks COSMOS FloWorks. MATLAB was utilized for the calculation of pressure loss due to friction and displacement. From these values an estimate of the remaining head from the pump could be calculated for use in future design decisions. Before shifting to the experimental phase of the project, a flow pressure test on the pier confirmed the MATLAB calculations. Design configurations of the system were constructed in SolidWorks and tested using FloWorks. FloWorks modeling enabled design decisions to be made without reconfiguring the system. Three separate configurations of the system were designed for CFD analysis. The initial model was the original configuration of the system. The SK1000 system utilizes a water distribution manifold to allocate the input flow among the sensors. In the initial configuration, three input ports were connected to the sensors and two were directly connected from the input line to the output line effectively short-circuiting the system. An existing field modification made use of a zip-tie and a screw to completely constrict the flow of the lower short-circuit path. In the second SolidWorks model the short-circuit paths were rerouted so that the input lines were connected together and the output lines were connected together. This modification enabled all flow through the system to be directed through the sensors. The final SolidWorks model developed was a request by the project’s sponsor for a sensor system completely connected in series. This would enable all flow to be from a single path and thus be at a higher velocity. For each of the three models, visuals for the streamline flow fields, pressure drop through each component, particle injection study, and volumetric flow rate from each input port were constructed. From the FloWorks calculations, the average and maximum time for a sample particle of water to pass through the system were computed in MATLAB. The fluid particle calculations were utilized for calculating the necessary time for chlorine injection for the prevention of biofouling. 

Analytical Results

Calculations for the pressure of the system included both FloWorks and MATLAB analyses. The head loss for the inlet pipe was calculated in MATLAB, and the pressure loss in the SK1000 system was calculated using FloWorks. This was compared to the pump head created and it was concluded that at the pier there was an additional 45 m (147.6 ft) of head, a total loss of 35 m (114.8 ft) from the pump. The head calculations were utilized in the design process for components and in the testing process for the inlet conditions. 

Calculations for the chlorinator included both FloWorks and MATLAB analyses. The time for a fluid particle to pass through the system was calculated to be 1 minute and 41 seconds for the worst case, with an average of 1 minute and 14 seconds. From the temporal flow analysis, it was concluded that 2.5 minutes was an adequate time for the chlorinator to be in operation.

Utilizing SolidWorks COSMOS FloWorks, several configurations of the SK1000 system were designed and tested using computational fluid dynamics (CFDs). One defining feature of the COSMOS FloWorks program is its goal-based analysis, and with this project there were certain goals that were desired. The first goal was the pressure loss in each system to determine if each configuration would even be possible with the current pump’s capabilities. From this analysis, it was determined that with the original 3.175 mm (0.125 in) inner diameter hosing a series configuration was impossible due to flow constriction. However, a series configuration with larger diameter hosing was possible if the configuration was so desired. The next goal was the flow velocity for each configuration. From this the group could ascertain how the flow was moving in each of the sensor chambers and if a change in the system would positively affect the biofouling problem. The reasoning behind this idea was that the physical properties, including resistance, of biofilms were dependent on the environmental flow properties. From the velocity analysis it was determined that the differential in velocity from parallel to series was inconsequential due to the increase in fluidic mixing rather than an increase in velocity. The last goal was a sedimentation analysis with the initial conception of being able to keep particulates stratified in the flow by reconfiguring the system. These analyses showed the injection of silicon at a rate similar to the estimated sedimentation rate in the range of 10-8 kg/s. From this analysis it was determined that no matter what the configuration, the particulates would settle once introduced to the slow flow velocities inside the sensor chambers. This disposition was further confirmed while performing the sedimentation testing in which the sediment would settle in any non-vertical section of the input line directly connected to the pump. All visual models of the FloWorks analysis results can be found in the appendix in Figures 10-33.

Testing/Evaluation
To test the effectiveness of biofouling prevention, water samples were collected in test tubes from different locations in the final system. First, as the control group, a sample was taken directly from the seawater source. It had been previously verified that the source, although filtered of sediments, was not treated for biological matter and therefore would provide an accurate model for biofouling. Samples were taken after the UV component so that its effectiveness at biofouling prevention could be evaluated. To create an accurate offset, samples of sterile water were also collected.

Tests were performed on the samples using a technique for the assay of biological matter. The equipment used was a Sirius luminometer provided by Dr. Michael Latz at SIO and located in room 1250 of Hubbs Hall. A luminometer counts the relative light units that are emitted by a chemical reaction. The reaction is a luciferin-luciferase reaction with Adenosine TriPhosphate (ATP) and is used by fireflies as well as other organisms to produce light known as bioluminescence. Because all living organisms require ATP to function, all living matter has ATP and thus the number of reactions producing light is an indication of the amount of living matter in the sample. Knowing this the Sirius luminometer was used to test for ATP in all three samples and results recorded about the effectiveness of the system.

Testing the hydrocyclone performance of sedimentation removal was more difficult than anticipated, however after many test trials very beneficial. To test the backpressure imposed on the system by the addition of the hydrocyclone, pressure gauges were connected to the system right after the pump and right before the hydrocyclone. It was found that the initial concern over the pressure increase when the hydrocyclone filled was unfounded as backpressure increases were minimal. For the sedimentation separation test, the differential between hydrocyclone outputs was measured to calculate the separation efficiency of the system. To set up the test, the pump for the SK1000 was placed into a 0.076 m3 (20 gal) reservoir of seawater and sediment. The water volume was maintained by the continuous addition of seawater set at the pump rate. The water input hose was also used for sedimentation agitation to simulate a sediment-stratified environment. The underflow output of the hydrocyclone was connected to a 0.019 m3 (5 gal) volume and the clean overflow output was connected to a larger 0.076 m3 (20 gal) volume. The hydrocyclone was very successful in expelling the injected sediments at as low as 1/5 of the total flow exiting through the underflow valve. In addition, this test setup can be considered a torture test for the hydrocyclone as it was under much greater sedimentation influx rates and pressure ratings than the original system on the pier. In 18 hours of sedimentation testing, the hydrocyclone separated 48 g of sediment, which is approximately 6 months worth of injected sediment, with zero visible particles in the clean water volume. 

Safety/Impact on Society
As one of the initial requirements of this system was an eco-friendly design, impact on society and the environment were major considerations in final design selection. Neither component in the preconditioning module creates any chemicals or other harmful substances. The only chemical introduced into the environment by the design is chlorine and the relative ppm is very low, thus having minimal adverse effects on the surrounding ecosystem or human population. Overall, the final design of this project is extremely eco-conscious and will not contribute to the international problem of ocean pollution. The new preconditioning module will be utilized in the pier deployments of the SeaKeeper oceanographic monitoring network to help chart the human impact on the ocean and the earth. 

Users/Maintenance/Operation Manual

The preconditioning module was designed specifically for ease of maintenance and reassembly. Each component may be removed from the system for maintenance or replacement without adjusting other components. In addition, the components chosen for the project can operate independently of the SK1000 system programming. The external controller for the Sterilight UV system monitors the voltage and current flow into the UV component as well as the life of the UV lamp. The CSI Mini-Hydrocyclone is a robust design in that it has no moving parts and for the most part is incapable of clogging. However, both components require periodic maintenance due to their continual use. The Sterilight UV system requires that the UV lamp and connection components be replaced annually for maximum effectiveness.

Process for the replacement of the UV lamp:

1. Let water drain from the preconditioning module

2. Remove Sterilight UV component from preconditioning module

3. Pull pin out of Sterilight UV large black rubber end

4. Carefully pull off black rubber end

5. Carefully replace lamp and components being careful not to touch glass of UV lamp to prevent glass tarnishing.

6. Put back black rubber end and pin making sure it is locked

7. Put back Sterilight UV component into preconditioning module 

Sterilight UV Components

UV Lamp (S287RL) – Replacement (1 year)

http://www.freshwatersystems.com/p-494-uv-lamp-s1q-sc2-series-2-25-gpm-units.aspx

Quartz Sleeve (QS-001) – Clean (1 year)

http://www.freshwatersystems.com/p-535-quartz-sleeve-s1q-s1q-pa-sc-dws-ssm-14.aspx

O-Ring (OR-214) – Replacement (1 year)

http://www.freshwatersystems.com/p-3095-o-ring-or-214-for-2356-8-gpm-units-rn-005-rn-008-nuts.aspx
The hydrocyclone should be annually rinsed out and cleared of residual sediments.

Process for the cleaning of hydrocyclone

1. Let water drain from the preconditioning module

2. Remove CSI hydrocyclone component from preconditioning module

3. Unscrew lower housing component

4. Carefully pull out inner white hydrocyclone component

5. Rinse off white hydrocyclone component and rinse out housing

6. Put white hydrocyclone component back into upper housing

7. Replace lower housing component

8. Put back CSI hydrocyclone component into preconditioning module 

Conclusion / Recommendations

Based on the results of the testing it was found that the final design reduces biological matter by 93% and sedimentation by 99% thereby fulfilling the group’s original project objectives. In addition, the new preconditioning module is easily integrated into the existing system and is designed for ease of future maintenance. Recommendations for the system include continued close watch of the system for the period of a year in case unforeseen difficulties arise. The effect of ultraviolet radiation on monitored qualities such as dissolved nitrates and chlorophyll is unknown and therefore should be monitored. In addition, the SeaKeeper chlorinator should be replaced and kept in working condition. Overall the preconditioning module is an excellent product that will benefit the SeaKeeper’s mission of an international oceanographic monitoring network.
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Appendix

Project Management
Task Distribution

Tasks were distributed as follows:
Andrew

· Researching anti-sedimentation techniques and sediment composition testing
· Contacting product distributors
· Formulating a test for the anti-biofouling system

· Updating the website

Kelsey
· Researching anti-sedimentation techniques

· Researching SK1000
· Contacting product distributors

· Updating/Formatting the report
Leslie

· Contacting sponsor

· Project management/ Organization
· Researching anti-biofouling techniques

· Contacting product distributors

Tyler

· Researching anti-biofouling techniques

· Performing hydraulic analysis using FloWorks

· Collecting Sediments

· Contacting product distributors

Further tasks performed by the group as a team included construction of the plumbing system for SK1000 setup in the SIO lab, construction of all filter system test setups, the carrying out of all filter system performance tests, construction of UV system test setups, and the carrying out of all UV system performance tests. Each group member also attended all meetings with the sponsor, participated in all group presentations, and made an individual contribution to the completion of the project report.
Intermediate Deadlines

Week 1

· Receive quote for sediment testing

· Decide on sediment reduction method

· Determine measurements necessary for hydraulic analysis

Week 2


· Measure pressures and lengths necessary for hydraulic analysis

· Send sediments to geotechnical lab for testing

· Research filter system

Week 3


· Start hydraulic analysis in FloWorks

· Decide on filter to be purchased

· Decide on biofouling component to be purchased

Week 4


· Order filter

· Order UV component

· Make necessary test setup purchases

· Plumb and implemented test setup off pier

Week 5

· Simulate flow speed and pressure of actual system in test setup

· First draft of report

· Setup Website

Week 6


· Preliminary filter testing

· Setup static UV testing

Week 7


· Order additional sedimentation reduction component – hydrocyclone

· Further filter testing

Week 8

· ATP testing of UV component

· Determine status of SeaKeeper chlorinator

Week 9
· Finalize setup – place all components into allotted area

· Test complete setup with final components

· Possibly re-plumb sensor chamber

Week 10

· Mount and plumb components in stainless steel box

· Finalize report

Finals Week

· Implement final setup in pump room

· Final Presentation

List of Suppliers / Purchased Part Information 

	Part Name
	Part Number
	Description
	URL

	NEMA 4X Stainless Enclosure
	7619k15
	Stainless Steel NMEA 4X rather box to house the components
	http://www.mcmastercarr.com

	Sterilight UV disinfectant system
	S1Q-PA
	UV light for disinfecting flow by killing biological components. Provides a dose of 40mJ/cm^2 at a flow rate of 1.5 GPM.
	http://www.r-can.com/product.php?prod=29

	ATP assay kit
	FLAA
	A testing kit for the bioluminescent assay of ATP.
	http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/FLAA

	Geocon
	N/A
	Provided testing and analysis of sediments used to determine filter mesh sizing and particle size distribution
	http://www.geoconinc.com/page.cfm

	Marshall's Hardware
	N/A
	Many various plumbing fittings purchased to hook up components to each other as well as for the test rigs.
	http://www.marshallshardware.com/

	Hydrocyclone
	Mini Hydroclone
	Fully adjustable, filters out sediments from flow using centripetal action.
	http://www.hydrocyclone.com/products/miniclone.htm


Table 3. Product purchasing information.
FloWorks Analysis Results
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Figure 10 – SK1000 Parallel Configuration: Pressure Losses
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Figure 11 – SK1000 Parallel Configuration: Velocity Streamlines
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Figure 12 – SK1000 Parallel Configuration: Velocity Streamlines in Idronaut Sensor
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Figure 13 – SK1000 Parallel Configuration: Velocity Streamlines in Satlantic Sensor
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Figure 14 – SK1000 Parallel Configuration: Sedimentation Analysis in Idronaut Sensor

20 Test Particles – All Particles Settle
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Figure 15 – SK1000 Parallel Configuration: Sedimentation Analysis in Satlantic Sensor

20 Test Particles – All Particles Settle
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Figure 16: SK1000 Series Configuration: Pressure Losses
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Figure 17 – SK1000 Series Configuration: Velocity Streamlines
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Figure 18 – SK1000 Series Configuration: Velocity Streamlines in Idronaut Sensor
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Figure 19 – SK1000 Series Configuration: Velocity Streamlines in Satlantic Sensor
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Figure 20 – SK1000 Series Configuration: Sedimentation Analysis in Idronaut Sensor

20 Test Particles – All Particles Settle
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Figure 21 – SK1000 Series Configuration: Sedimentation Analysis in Satlantic Sensor

20 Test Particles – All Particles Settle
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Figure 22 – SK1000 New Series Configuration: Pressure Losses
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Figure 23 – SK1000 New Series Configuration: Velocity Streamlines
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Figure 24 – SK1000 New Series Configuration: Velocity Streamlines in Idronaut Sensor
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Figure 25 – SK1000 New Series Configuration: Velocity Streamlines in Satlantic Sensor
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Figure 26 – SK1000 New Series Configuration: Sedimentation Analysis in Idronaut Sensor

20 Test Particles – All Particles Settle

[image: image29.png]



Figure 27 – SK1000 New Series Configuration: Sedimentation Analysis in Satlantic Sensor

20 Test Particles – All Particles Settle
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Figure 28 – SK1000 Reverse New Series Configuration: Pressure Losses
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Figure 29 – SK1000 Reverse New Series Configuration: Velocity Streamlines
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Figure 30 – SK1000 Reverse New Series Configuration: Velocity Streamlines in Idronaut Sensor
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Figure 31 – SK1000 Reverse New Series Configuration: Velocity Streamlines in Satlantic Sensor
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Figure 32 – SK1000 Reverse New Series Configuration: Sedimentation Analysis in Idronaut Sensor

20 Test Particles – All Particles Settle
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Figure 33 – SK1000 Reverse New Series Configuration: Sedimentation Analysis in Satlantic Sensor

20 Test Particles – All Particles Settle

MatLab Code Used in Analysis
% MAE156B PROJECT TEAM 5
% COASTAL SAMPLING BIOFOULING/SEDIMENTATION PROJECT
% TEMPORAL FLOW ANALYSIS OF SIO SEAKEEPERS MODULE
clear all
clc
gal_ft3 = 0.135819444;      %conversion ratio of gallon to feet^3
min_sec = 60;                   %conversion ratio of minutes to seconds
ft_in = 12;                     %conversion ratio of feet to inches 
flow_gpm = 1.016;               %inlet flow rate in gpm (calculated)
dia = 0.75/ft_in;
pier_height = 43;               %total length of tube from pump to pier 
flow_ft3s = flow_gpm*gal_ft3/(min_sec); %flow rate in ft^3
velocity = flow_ft3s/(0.25*dia^2*pi);       %flow velocity in ft
t_in = pier_height/velocity;                    %inlet time
%calculated times for fluid particle to pass through SK1000 system
t_flow = [15.051 34.1704 1.34051 1.00941 16.1763 37.0965 26.1037 7.30749...
    12.7623 37.419 4.52831 21.4333 16.6274 25.7225 15.051 28.7909...
    4.68435 15.8354 20.3953 26.4468 4.50329 1.05936 1.06118 9.11004...
    19.704 5.38558 36.1452 15.4437 26.5102 43.9823 14.226 31.9558...
    16.332 12.1899 7.98787 1.02597 1.02169 1.22336 1.37381 22.7852...
    20.3773 31.57 15.051]';
t_sort = sort(t_flow);  %times sorted by size
t_max = max(t_flow);        %maximum time
t_ave = mean(t_flow);   %average time 
t_wc = t_in + t_max     %worst case time for system
t_mean = t_in + t_ave   %average time for system
hist((t_in+t_flow), 20)
title('Histogram of Particle Passing Time')
xlabel('Time [s]')
ylabel('Number')
% MAE156B PROJECT TEAM 5
% COASTAL SAMPLING BIOFOULING/SEDIMENTATION PROJECT
% PRESSURE FLOW ANALYSIS OF SIO SEAKEEPERS MODULE
clear all
clc
dens = 1025;                %[kg/m^3]
kvisc = 1.05 * 10^(-6);     %[m^2/s]
g = 9.81;                   %[m/s^2]
ft_m = 0.3048;              %conversion ratio of feet to meters
gal_m3 = 0.00378541178;     %conversion ratio of gallon to meters^3
psi_pasc = 6894.75729;       %conversion ratio of psi to pascals
h1 = 10*ft_m;               %[m]
h2 = 33.75*ft_m;            %[m] based on mean lower low water height
gamma = dens*g;             %specific weight
Q1 = 1.016*gal_m3/60;       %[m^3/s] calculated value for flow rate
d1 = 0.75*ft_m/12;          %[m] internal diameter of pipe
a1 = 0.25*pi*d1^2;          %[m^2]
v1 = Q1/a1;                 %[m/s]
Re1 = v1*d1/kvisc;          %Reynolds number
fric = 64/Re1;              %friction coefficient
hloss =  fric*((h1+h2)/d1)*((v1^2)/(2*g)); %frictional losses
hSKloss = (70*psi_pasc)/(2*dens*g);          %losses by SK1000 system
hpump = 79.4;                    %[m] head created by pump (from website)
hpier = hpump - h2 - hloss - hSKloss
Budget


As this design was not intended for mass production, but rather small scale use in research, the budget was large so as not to inhibit access and exploration of new technologies.
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Table 4. Budget Information.
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