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This report contains information that is proprietary to Environmental Technologies, Inc (also referred to as ETI in this report).  Please maintain this report as a confidential document.  I request that it not be published, distributed or made available in any way to the public without prior notice to me.

1.0 Introduction
The following report summarizes the containerized field demonstration at the MARAD ships, the 

Cape Wrath and Cape Washington, located in the Inner Harbor of Baltimore, MD, USA.  These tests used bay water from the Cape Wrath and Cape Washington fire protection pumps.  These containerized tests utilized filtration, ozone and sonic energy to simulate the treatment of either incoming or outgoing ballast waters for any type of ship.  These tests follow Environmental Technologies, Incorporated’s Phase I grant (see Attachment I) performed in a lab-based environment and Phase II grant (see Attachment II) performed as a field demonstration.


The analysis of the biological aspects of these tests were performed by Bigelow Laboratory for 

Ocean Sciences, West Booth Bay Harbor, ME, by Dr. Robert A. Andersen, Ph.D. and Douglas I. Phinney (see Attachment III).


The analyses of the chemical aspects of these tests, in regards to any residuals created by the 
ozone induction into salt water, were performed by The Department of Chemistry and Biochemistry at the University of Maryland Baltimore County, Baltimore, MD by William R. LaCourse, Ph.D. and Dr. Aristotle G. Kalivretenos (see Attachment IV).


The final focus of testing in the period remaining will be on higher flow rates of 3000 GPM to

5000 GPM in both a containerized dockside system (Phase IV in 2005) and then a shipboard ballast water system. (Phase V in 2006).

2.0 Experimental Approach

2.1
Arrangement with MARAD and the Use of the Ship, the Cape Wrath and the Cape Washington, Baltimore, MD

In early 2004, discussions were broached with personnel at NOAA and MARAD regarding the 
possibility of utilizing a MARAD vessel.      
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                                        Picture 1





                 Picture 2
After a number of meetings, emails and telephone conversations, it was determined that the best 

possible situation for all parties, i.e. NOAA, MARAD, the Cape Wrath and the Cape Washington, Environmental Technologies, Inc., would be for ETI to containerize a test system and mount all on a drop deck mobile trailer (see Picture 1) and operate beside the Cape Wrath and then the Cape Washington, not on or within her (see Picture 2).
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After meeting with the crew of the Cape Wrath in September 2004 to discuss the implications this 

experiment would have upon their ship, agreements were reached.  Subsequently, the ETI rig arrived later that month and was set-up beside the magnificent ship, the Cape Wrath (see Picture 3).  The rig was later moved to operate next to the Cape Washington (see Picture 4).
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       Picture 3





         Picture 4


The experiment was conducted successfully for the next six weeks, until the Cape Wrath left the harbor in mid-October, 2004.  Their departure necessitated a total shut down of the experiment and movement of the ETI trailer to the Cape Washington, a MARAD ship also docked in the Inner Harbor.  Throughout the entire testing timeframe, the crews of both the Cape Wrath and Cape Washington were very helpful and did an outstanding job of keeping the tests on schedule.

In mid-November, 2004, the trailer was removed from the pier and the many people who helped
 facilitate the testing were thanked for a job well done.

2.2 Experimental Set Up

The experimental mobile trailer-mounted ballast water treatment containerized system is shown

on the drawings below (Figure 1).
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Figure 1
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All of the components were housed in the sea-worthy shipping container.  This container 

measured 20' long by 8' wide by 9' high (inside dimensions).  The other components of this trailer-mounted system included a 55 kw diesel generator with a 550 gal. fuel tank located on the front end of the trailer (see Pictures 5 and 6).
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                       Picture 5





                             Picture 6


Inside the container, the items included those shown in the Bill of Materials (see Figure 2).  Items not shown in the Bill of Materials, but also located in the container, were a 3" manual clean Hellan 1/8” wedge wire strainer, an Advanced Sonics sonic reactor and generators (see Pictures 7 and 8).  Other items also not listed in the Bill of Materials included various 4" pipes, valves and fittings.

[image: image7.png]BILL OF MATERIALS

QTY DESCRIPTION MANUFACTURER
1 1 4" MAGMETER # ABB
2 1 3 PHASE SAFTEY DISCONNECT SWITCH # CUTLER—HAMMER
3 1 1PSI STAINLESS STEEL CHECK VALVE PARKER
4 1 LOAD CENTER #31836DSN CUTLER—HAMMER
5 5 18" X 18" FOLDING SHELF #FDS1818 HAMMOND
6 2 18” CIRCULATING FAN (WW GRAINGER PART) #1VN45 AR KING
7 5 FLOURESENT LIGHT FIXTURE (WW GRAINGER PART) #3GU84 LITHONIA
8 1 75KVA TRANSFORMER 460—208,/120V #MKO75KB HAMMOND
9 1 PRESSURE RELIEF VALVE 10PS| CRACKING #RVTX400EP—PV PLAST-0—MATIC
10 2 PRESSURE GUAGE #
1 1 TEMPERATURE GUAGE #
12 1 THROTTLING VALVE # .
13 1 4" FEMALE FIRE HOSE CONNECTOR # MCMASTER—CARR
14 1 ENCLOSURE #A1212CHFS HOFFMAN
15 1 2 POS. SEL SW #B00T—H2A ALLEN—BRADLEY
16 2 CONTACTOR #700N—B00AT ALLEN—BRADLEY
17 1 0-2 LPM FLOWMETER DWYER
18 1 3 PHASE SAFTEY DISCONNECT SWITCH 30AMP # CUTLER—HAMMER











Figure 2
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                         Picture 7





     Picture 8

The piping and valve system allowed the isolation of the 3 main components of the treatment 

system, the strainer, ozone injection system and sonic reactor, as well as a complete flush and drainage system prior to subsequent tests.



Prior to the beginning of the tests, the pier provided city water.  All other system requirements were self-contained and supplied by the trailer system for the treatment of the bay water from the Cape Wrath’s and the Cape Washington’s fire protection pumps at 275 gpm and 300 gpm, respectively.

2.3
Experimental Conduct


The mobile trailer-mounted containerized ballast water treatment system was started up at the beginning of each day of tests.  This procedure simply included opening the secured container, plugging the diesel generator into the container transformer and starting the diesel generator set.  Once powered up, the piping system was flushed using city water as supplied by the pier where the Cape Wrath and Cape Washington were docked.



In the testing of the bay water, the following procedures were followed:

1. Check and record and or adjust:

a) Temperature of in/out flows

b) pH level of in/out flows

c) Voltage output of diesel generator set

d) Hertz output of diesel generator set

e) Flow rates of bay water

f) Amp output load of sonic generators

g) Voltage readings into sonic generator

h) Ozone generator power and O2 flow readings

i) Ozone analyzer readings of % by weight O3 concentration

2.4
Test Dates and Activities


In total there were six trips made to the MARAD ships, the Cape Wrath and Cape Washington, located in the Inner Harbor in Baltimore, MD, USA.



The first trip was made on October 1, 2004.  The purpose was meeting with the Cape Wrath’s personnel to discuss the most efficient and least intrusive interface between ETI and the Cape Wrath's personnel.
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It was determined that ETI would supply a trailer-mounted  containerized ballast water treatment system that would be located mid-ship on her starboard side on the pier (see Picture 9).  The only items required by this system from the pier and the Cape Wrath and Cape Washington were standard city water supply via a garden hose from the piers water hydrant.

The ship was also to supply Chesapeake Bay water from the fire protection system at a rate of 300 GPM.


                       Picture 9


The next trip to Baltimore occurred on October 6-9, 2004 to set up and start up the just-delivered self-contained trailer-mounted ballast water treatment test system.  



This trip on October 6, 2004 also involved repairing small leaks and loose wires, and resolving various other start-up issues.



Fuel for the trailer diesel generator set was received on October 7, 2004.  A valve was installed which allowed the bay water to be shut off at the trailer without the fire protection pumps having to be shut off between tests.  This relieved the crew from having to continuously turn those pumps on or off, except for the beginning and end of the day of tests.  The generator set was tuned-up and serviced.  At the end of the day, the system was shut down and secured.



The third trip was made on October 12, 2004.  Tests were performed and samples were sent to Bigelow Laboratory and UMBC on October 13 & 14, 2004.



The O3 analyzer needed to be repaired and was shipped back to the manufacturer.  Additional tests were performed on October 13 & 14, 2004 the samples were shipped to the labs.



On October 26, 2004, a fourth trip was made to adjust other components in the system.  However, the Cape Wrath had left the dock and the trailer was moved to the other side of the pier to the Cape Washington and set up again.



More tests were performed on October 27, 2004 and samples shipped to the labs for analysis.



On November 2, 2004, Nicole Poulton, a technician from Bigelow Labs, arrived to work on the on-line, real-time biological Flow Cam device.  These tests continued Tuesday PM through November 4, 2004.

Deborah Aheron, of MARAD, arrived on Thursday, November 4, 2004, to review the 

overall system and flow cam operation and the on-line, real-time results it provided.

_____________________________________________________________________________________________
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The final tests for actual ballast water began on November 2, 2004, and ended on November 5, 2004.  At that point in time, the trailer-mounted system was shut down and readied for return to St. Louis, MO, USA, its home base (see Picture 10).  

The MARAD supplied the fuel tank and a 55 kw 371 series Detroit Diesel 3/60/220/440 generator

 set was off loaded, and the trailer shipped to St. Louis on November 16, 2004.     
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[image: image11.jpg]



         Picture 10






Picture 11                                                                                                                                             

3.0 Experimental Protocol and Results

3.1
Protocol


All tests performed in the self-contained trailer-mounted containerized ballast water treatment system (see Picture 11), done on the Chesapeake Bay Baltimore Inner Harbor bay water were done in the following manner:



Prior to each test, the system was flushed with city water for a minimum of 30 minutes and then completely drained at the end of the flushing period.



Once the system was flushed, the bay water was circulated for an additional 30 minutes at the maximum flow rate to be tested, i.e. 275 gpm from the Cape Wrath’s and 300 gpm from the Cape Washington’s fire protection systems.

[image: image20.jpg]


At the beginning of each test, the following tasks were performed:

1. Set the test flow rate, 275 or 300 gpm.

2. Check and/or adjust and record

a) Diesel generator set

1) Voltage – to 480 V

2) Cycles/Hertz – to 60 Hz

b) Sonic generators set to 20 amps on Bank #1 of 5 generators and 16 amps on Bank #2 of 5 generators (total 10 generators)

c) Ozone generator set to various O2 flow rates and 





  power settings

                            Picture 12
3) Record bay water temperature and pressure levels.  4) Manually clean and flush wedge wire strainer and finally flush the 2 test ports/drains (see Picture 12).



After all the data was checked, adjusted and recorded, the sample bottles were filled, sealed, labeled, and packed for shipment to the laboratories.

_____________________________________________________________________________________________
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The tests were performed with and without sonics and ozone and combinations thereof.

3.2 Bay and Ballast Water Results

3.2.1  The Effects of Filtration


The aspects of filtration have been discussed, tested and published at great length.  To add any further discussion in this report would be non-productive.

[image: image21.jpg]



For our purposes, we used a Hellan manually cleaned 1/8” wedge wire strainer (see Picture 13).  For practicality, this size strainer will be used in future tests.

In our particular system, the use of larger size wedge wire strainers may require a small amount of additional ozone consumption.  Additional tests can be performed on this particular aspect of our system in order to optimize the system’s overall effectiveness and efficiency in this relationship.

        Picture 13

All water, regardless of flow rate, first went through our 1/8” manually cleaned Hellan wedge wire 
strainer.  Thus, no differentiations in the biological or chemical test results were affected by the strainer.



It is assumed that because the larger leveling and nonleveling particles were removed, i.e. 1/8” and larger, that the ozone and sonics combination was at its optimum performance and effect.

3.2.2  The Effect of Sonic Energy with and without Ozone Induction
Our mobile trailer-mounted containerized ballast water treatment system was set up to allow testing utilizing both sonics and ozone together, as well as separately. [image: image22.jpg]




Both the biological lab results by Bigelow and the chemical analysis by UMBC show tables utilizing sonics and ozone together and separately (see Attachments III and IV).


In the review of these lab results and reports, it is apparent that the key element of a successful kill is the ozone treatment.  However, 

the method and location of the ozone injection, combined with the sonic, is  key to minimizing the ozone usage required to accomplish a complete kill without excessive chemical residuals.

        Picture 14
Although our system was designed to handle and treat 500 gpm, we were limited to 275 gpm and 
300 gpm due to the limitations of the fire protection pumps.  

_____________________________________________________________________________________________
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Besides increasing flow rates from 1 gal. in the lab in Phase I to 50 gpm in Phase II and now to 
300 gpm in Phase III, with the same consistent kill results and without creating any residuals, our sonics and ozone system was enhanced by the addition of an on-line, real-time biological monitoring system (see Pictures 15, 16, 17, 18, 19 & 20).

The Bigelow Laboratory results show that the Flow Cam on-line data corresponds to the lab tests.

This is a major factor in eliminating the need for manual sampling and field lab tests to verify the 
effectiveness of not only ETI’s sonic and ozone technology, but other competing technologies as well.

One other important note in the ETI Phase III field demonstration is that the sonic reactor was 
utilized in a 15o horizontal position vs. the vertical position in our Phase II project.

The net result of this change did not have a positive result.  The ozone micro bubbles tended to 
migrate to the top of the piping system and were not as effective as the results shown with the sonic reactor in the vertical position.

The change in position of the sonic reactor, from vertical to horizontal, was done in an attempt to 
better utilize the available space on any given ship.  This arrangement will not be used in Phase IV.


[image: image12.emf]FlowCAM – Automated Imaging-in-Flow 

• Imaging-in-flow system for monitoring 

the presence and abundance of 

phytoplankton in water (marine or 

freshwater).

• This automated system can examine 

ballast water before and after treatment 

to determine the presence or absence 

of phytoplankton.

       
[image: image13.emf]Pre-treatment – Imaging-in-Flow
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(long chains of cells)
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(diatoms & dinoflagellates)
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[image: image14.emf]Post-treatment – Imaging-in-Flow

• Post Ozone and Sonics Treatment – the automated –

imaging–in-flow system did not detect any 

phytoplankton present (based on fluorescence 

detection).

• All that was detected was sediment and broken and 

disrupted particles/organisms (see images below).




            Picture 15


         Picture 16



    Picture 17
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    Picture 18



    Picture 19


    Picture 20
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3.3  Challenge Testing of Ballast Water at Higher Flow Rates.

3.3.1  Looking at Higher Flow Rates Off and On Shipboard.


It is obvious that our successful Phase I lab treatment, and then the 50 gpm dockside Phase II, and most recently our Phase III 300 gpm system treatments with complete kill and minimal bromate and bromine residuals is not the end of the story or the final chapter of success, since most vessels will require on-board ballast water treatment systems that range from 3000 gpm to 5000 gpm for each ship’s ballast system(s)/pump(s).



Our approach will be to look at another mobile trailer-mounted containerized treatment system for 3000 gpm Phase IV and then a shipboard system for 5000 gpm Phase V project.  



As these systems evolve, they will be designed with consideration given to:

· Safety of the crew

· Minimum manual operational input required

· Minimum maintenance required

· Minimum space required

· Ship’s environmental safety

· Minimum amount of power required

· Reduction of operational controls required

· Off site system monitoring in real-time and on-line with GPS communication

· Minimum capital expenditure

· On line monitoring of the system’s highest maximum kill rate effectiveness via GPS

· Minimal chemical residuals created

All of these features will offer substantial advantages of  not only ETI’s system, but other technologies as well.



The major ADVANTAGE of the ETI system is the treatment of the ballast water upon discharge, NOT in the actual ballast tank or upon intake, where the tank bottom sediment would continue to harbor both biological and pathogenic organisms.  aN ADDITIONAL ADVANTAGE IS THAT IT CAN BE monitored on-line in real-time via satellite communication to ANY DESTINATION SPECIFIED.
3.3.2  On Line, Real Time, Instrumentation of Biological and Chemical Analysis.
Because collecting and sending on-board samples of treated ballast water for a chemical and 

biological analysis is neither cost effective nor practical, a system of on-line monitoring and satellite communication is highly advantageous.



In our next level of testing, at a 3000 gpm flow rate, we will include the satellite communication of our two new components.  The first includes instrumentation from Fluid Imaging to actually monitor the kill rate of the treated ballast water on-line in real-time.



The second includes instrumentation to monitor the chemical aspects of the treated ballast water on-line in real-time.



Both of these instrumentations, along with the monitoring of temperature, pH, flow rates, ozone input and sonic energy induced, troubleshooting, alarms, on/off status, GPS location, etc., would give a complete and detailed report of all functions in the system as well as the results achieved.

____________________________________________________________________________________________
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3.3.3   Utilizing Real Time, Instrumentation Transmitted via GPS for Monitoring and Control with “Ballast

           Watch”


The ultimate in shipboard ballast water treatment systems should include the remote monitoring of the effectiveness of such a system by the appropriate authorities, and the control of said system by the ship owners and operators, via satellite communication.



Our next Phase IV and Phase V level of tests are projected to include this technology, and we are in the final stages of development (as this technology does not exist today).  The software for this technology, called BallastWatch, is currently being written.  

4.0  Conclusions


The mobile trailer-mounted containerized ballast water treatment system challenge experiments indicate that treatment of ballast water with an ozone and sonic contacting device is very effective.  Although the sonic device does not appear to produce sufficient energy density to damage smaller particles, such as spores or cysts, directly, the gas-liquid mass transport aspects of acoustic fields and small scale micromixing function together to make the technology ideal for agitating a contact vessel for ozone treatment of the ballast water, especially when combined with 1/8” filtration, as shown by the lab results of Dr. Andersen of Bigelow Labs (see Attachment III).



The ozone must be delivered fast enough that a transient steady ozone concentration can be maintained at 2 mg/L, the rates shown in Bigelow’s report, for several seconds of time (see Attachment III).  Again, this dosage rate of 2 mg/L for Phase III was higher than in Phase II of 1 mg/L due to the horizontal mounting of the sonic reactor vs. a vertical mounting where the ozone is inducted.  The dosing of ozone required to achieve this condition will strongly be a function of the ballast water type, the greatest demand coming from completely marine waters, as one might suspect.  There will be an optimum ozone gas concentration and volumetric flow regime that will minimize the amount of oxidation by product formation, but provide reasonable disinfection.  Where this optimum occurs, in terms of operational parameters, will depend on the configuration of the flow through contact unit and the nature of the bubble dynamics inside the contactor.



A schematic representation of the dynamic situation when ozone bubbles are introduced into ballast water is shown (see Attachment I, Final Report).  For disinfection to occur rapidly, the creatures must experience an ozone concentration, either in the bulk liquid or in the film around the gas bubble.  The ozone must be transferred from the bubble at a rate fast enough to keep pace with the many demand reactions, yet still provide a small steady state ozone concentration.  If too much aqueous ozone is present at a steady state, the rate of some parasitic reactions may be accelerated.  If too little is supplied by the bubble, a concentration of ozone can't be maintained for disinfection.  Contact with the bubbles is important for disinfection.



Our mobile trailer-mounted containerized ballast water treatment system device can supply ozone quickly enough, enhancing ozone transfer through the acoustic bubble pumping and boundary layer disruption.  Bubble contact is promoted through micromixing.  Simply promoting mass transfer of ozone into the liquid alone

will not suffice to optimize the process.  A balance between the number of bubbles and their ozone concentration and the configuration of the bubble introduction into the acoustic field is very important.  Phase III has proven that the ballast water flow rate through the sonic reactor must be in the vertical position.



Per the lab results done by Dr. Lacourse of UMBC and Dr. Aristotle G. Kalivretenos of Aurora Analytics (see Attachment IV), the formation of the byproducts such as bromide and bromate were shown to be minimal.

4.1  Final Testing and Design Work Done in Phase III


The final test work in the Phase III effort addressed optimization of the ozone utilization for disinfection while minimizing the parasitic consumption of ozone.  Further optimization of the contact chamber design reduced the number of viable organisms remaining after the contact by yet another order of magnitude, just

_____________________________________________________________________________________________
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as sonic agitation reduced the number of viable organisms by an order of magnitude.  This was largely associated

with 1/8” filtration and the contact chamber design for the appropriate bubble sonic interaction in the flow field of the water through the system at scaled flow rates anticipated for this 300 gpm field demonstration.



Specific issues that will continue to be addressed are:

· Higher, continuous flow rate testing at 3000 gpm and 5000 gpm and operational parameter establishment.

· Establishment of power requirements and capital and operating costs for shipboard systems at 3000 to 5000 gpm rates.

· User participation and viability of a user-friendly environmentally safe device.

· On line monitoring of the effectiveness and system efficiency with satellite communication.

5.0  Executive Summary


Phase I, Phase II, and Phase III works on demonstration feasibility of combining filtration, sonic, dual frequency, high intensity, high frequency energy and ozonation to deactivate nuisance species in ballast water has indicated that designing a system to achieve the desired deactivation levels is most achievable.  The sonic energy serves the function of dispersing the ozone bubbles vertically through micro mixing and enhances mass transport through compressing and expanding the bubbles in the acoustic field.  A transient steady state ozone concentration can be held for several seconds even in seawater.  This appears to be adequate for disinfecting most species.



The treatment process drastically reduced the numbers and kinds of living organisms.  Analysis of the treated bay and ballast water samples revealed that the samples were nearly devoid of life (see Attachment III) with the minimal formation of any residuals (see Attachment IV) at the 275 and 300 gpm levels.



Most importantly, ETI’s Phase III demonstration project which included the on-line, real-time monitoring of the biological effectiveness of this system shows that, not only the ETI system, but anyone’s technology can be monitored on-line without the need for continuing lab analysis.

_____________________________________________________________________________________________
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