Bonneville Power Administration

FY 2001 Innovative Project Proposal Review

PART 2 of 2. Narrative

Title
:
Ultrasonic Induced Sonochemical Destruction of Pathogens, Viruses, Nitrates and Other Nutrients and contaminants From Waste Discharge Streams

a. Abstract

Laboratory tests have shown that ultrasonic induced cavitation is a low cost of method of destroying organisms and contaminates in water.  This innovative process promises to replace existing technologies with a treatment system that is of low maintenance, low power costs, and does not generate either secondary aqueous waste streams or materiel to be disposed.

This proposed project consist of constructing and installing a 600 gallons per hour treatment pilot plant, using Water Services, L.L.C. proprietary technology.  The pilot plant will be installed at the headworks of a fish hatchery presently concerned with the quality of water entering the plant for half of the test period.  For the second half of the test period the equipment will be located at the outfall side of the hatchery.  The first site of the pilot plant will be upstream of existing ultraviolet treatment facilities.  The second placement will be just before final disinfection before entering the river.  In this manner the pilot plant will be able to provide required information but will not interfere with the current operations of the hatchery.

The plant will be monitored continuously during its operation.  

b. Technical and/or scientific background

The basic methodology of contaminate removal from wastewater streams has used essentially the same unit operations for many decades.  Some of the more significant developments in wastewater treatment have been the commercial realization of synthetic membranes for reverse osmosis and ultrafiltration operations.  Also of great benefit was the appearance of waste effluent treatment with UV enhanced oxidation.  However, with the use of synthetic membranes pretreatment (sometimes extensive) is required to maximize the service life.  Although synthetic membranes have been optimized for product flux, a secondary waste stream is generated in the form of a concentrated reject.  

 The use of UV enhanced oxidation has its own set of requirements for optimal performance.  For example, the quartz tubes must be maintained to optimize the UV flux into the waste stream and a continuous feed of an oxidizer (such as ozone) must be supplied.

Water Services, through the use of proprietary design, has optimized the influence of cavitation induced sonochemistry effects in the bulk solution.  This design has allowed Water Services to treat wastewater in a continuous unit operation versus a batch reactor.

Analytical results from a single pass treatment (not optimized as to residence time) of potato wastewater indicate a  reduction in the chemical oxidation demand of approximately 98%, and a likewise reduction in the biochemical oxygen demand.  However, unlike the above mentioned advanced treatment technologies, the Water Services’ technology will reduce total nitrogen one order of magnitude.  It is also anticipated (through scouting tests) that the nitrate is decomposed within the treatment unit to nitrite and nitrous oxide.

Cavitation refers to the formation and subsequent dynamic life of bubbles in a liquid medium.  The bubbles may be filled with either gas or vapor and form under a variety of conditions.  Traditionally, cavitation is referred to as either transient or stable.  Transient cavitation involves large-scale variations in the bubble’s size (relative to its equilibrium size) over a time scale of a few acoustic cycles.  Stable cavitation usually involves small-amplitude (as compared to the bubble’s radius) oscillations about an equilibrium radius [1].

When cavitation occurs and subsequent bubbles collapse the chemical reactions occur through sonochemistry and sonoluminescence.  The collapsing bubble elicits some very dramatic and localized conditions at the loci of collapse, which has a direct effect upon molecular species.  For example,  the chemical effects of ultrasound do not come from a direct interaction with molecular species. Instead, sonochemistry and sonoluminescence arises from acoustic cavitation: the formation, growth, and implosive collapse of bubbles in a liquid. Cavitational collapse produces intense local heating (~5000 K), high pressures (~1000 atm), and enormous heating and cooling rates (>10 9 K/sec). Acoustic cavitation provides a unique interaction of energy and matter, and ultrasonic irradiation of liquids causes high energy chemical reactions to occur, often accompanied by the emission of light [2].

According to Suslick, the following graphical representations indicate both the energies of cavitation (Figure 1) and the bubble radius (y-axis) versus time to collapse (Figure 2).
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Figure 1
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Figure 2

The subsequent effect upon water, inorganic species, and organic species has been investigated.  In the sonolysis of water, researchers have provided evidence for the intermediacy of OH(, H( along with high energy species eaq(, and (HO)2( [3,4,5].  It is important to note that the literature cited below generally used sonication in the 20 KHz range.  This frequency is far below that used by Water Services in their water treatment unit.

Table 1 addresses the principal products of a few inorganic species:

Table 1

Aqueous Sonochemistry of Inorganic Compounds

Substrate Present
Principal Products
Reference

Br( , Cl(
Br2, Cl2
6, 7

[NO3](
[NO2](
8

H2S
H2 + S8
9

Fe2+
Fe3+
10

As to organic degradation, there have been numerous studies indicating the success of cavitation induced sonochemistry.  Weaver, et. al, demonstrated the destruction of pentacholorphenol with aromatic intermediates (tetra-choloro-o-benzoquinone and tetrachlorocatechol) that were also destroyed via sonochemistry in the laboratory reactor .  However, when sonolysis coupled with ozonation was used, the aromatic intermediates were not detected [11].  

Researchers have shown the degradation of organic compounds such as carbon tetrachloride, 1,4-dioxane, and polychlorinated biphenyls [12, 13, 14].  Each of the authors indicated intermediate products were formed.  Water Services unit operation, in addition to the ability to maintain cavitation and sonochemistry in the bulk solution with a continuous reactor, also will maintain the residence time to destroy intermediate products formed during organic degradation.

Initial scouting tests with the Water Service unit have indicated that organic destruction occurs (reduction in BOD and COD) as well as a decrease in nitrate concentrations.  We propose that this unit will find benefit in the tertiary treatment of wastewater (replacing chlorination) before release into the environment, which will also disinfect aqueous streams containing microbes [15, 16].  With the ability to realize organic destruction, Water Services also proposes that the unit will be able to successfully treat organically contaminated groundwater at a well head before the water treatment plant.

c. Rationale and significance to Regional Programs

Water quality at hatcheries, both influent and effluent, is a vital  factors in the health of Colombia Basin salmonoids.  Native stock and hatchery fish are affected by poor water quality at hatchery sites and the impact of contaminated water can be devastating to existing fish and recovery efforts.  The NMFS Draft Biological Opinion states, in section 5.3.3, “Ecologically, hatchery fish can increase predation on, displace, and/or compete with wild fish.  These effects are likely to occur when fish are release in poor condition and do not migrate to marine waters…  Hatchery fish also may transmit hatchery-borne diseases, and hatcheries themselves may release diseases into streams via water effluents”.  Influent water must be of such a quality that allows for the growth of healthy stock, and the effluent must not contain any organisms that can be transferred to the resident population of fish.

Present water treatment technology relies on filtration, disinfection and sometimes reverse osmosis to achieve desired water quality.  These methods are expensive to install, operate and maintain.  And, often the systems do not meet required standards because of  the difficulty of maintaining proper maintenance schedules, changes in raw water character or equipment failures.

Hatchery production of salmonoids is an important part of the species recovery program, as evidenced by Section 7, Coordinated Salmon Production and Habitat, of the Fish and Wildlife Program.  The Council is dedicated to improving existing hatchery production without negative impacts on wild fish.  Water quality at the hatcheries is essential to production of healthy fish, and reduction of the possibility of disease entering any portion of the Columbia Basin.

The Water Services ultrasonic cavitation process, while complex from a chemical standpoint, is simple.  The proof of concept machine, which treats 6000 gallons per hour, Is of solid state construction, and has few moving parts.  The electrical requirements are approximately 10kw per hour, which would cost out to about $83.00 to treat one million gallons of water.  The unit is self monitoring and will automatically shut down and/or call for service if a problem develops.  All this means that the equipment can be placed at intake locations to provide treatment of water entering the hatchery, and at the outfall, to destroy any organisms that may carry disease to native species.

d. Relationships to other projects 

The proposed project would have a direct relationship on hatchery practices and operations to preclude the introduction and/or spread of any fish disease within the Columbia Basin.  The water treatment system would maximize the health of fish released from hatcheries by ensuring that the influent water is free of deleterious organic compounds, microbial and viral pathogens.  The effluent from the hatcheries would be treated to ensure that receiving waters would not be subjected to high BOD loadings or fish diseases. 

e. Proposal objectives, tasks and methods

Objectives
 

The primary objective of this effort will be to delineate the residence time through the cavitation induced sonochemical water treatment unit (CISWTU) for appropriate log reductions in microbial colony forming units, virual plaque forming units, and organic compounds such as pesticides.  Once the optimal residence time is determined for each group of interest, then an influent stream containing all chemicals and microbial concentrations of interest will challenge the CISWTU.

To support the primary objective the following will be accomplished:

Objective 1.  Delineate the organic compounds and biologicals of interest to the fish hatchery efforts at the BPA.  Agree upon a statistically defensible experimental design for challenge influents to the CISWTU. 

Objective 2.  Challenge the CISWTU with organic compounds (such as pesticides) and the biologics of concern at known concentrations using chlorine-free groundwater.  The challenges will use concentrations of each organic and/or biologic of concern at first.

Objective 3.  Challenge the CISWTU will the upper level concentrations of the all organics and biologics of concern as a single influent.  The challenge will be continuous over a period of time to attain continuity of water quality.

Objective 4.  The CISWTU will be sited at a fish hatchery and plumbed to receive both influent and effluent (at different times) from the fish hatchery.  The unit will run continuously over a minimum of 30 days to attain water quality and cost information.


Tasks and Methods
 

Task 1:  Organic Compounds and Biologicals of Interest.

Subtask 1.1:  Meet with BPA Hatchery personnel to form a consensus of organics and parasites (microbial, viral, and protozoan) of interest.

Subtask 1.2:  Submit an experimental design to statistically address challenge of the CISWTU with agreed upon contaminants (organic and biological) from Subtask 1.  The design will be a factorial to determine the optimal flow rate, resonance frequency, and residence time required to achieve the desired destruction.

Task 2:  Challenge of the CISWTU using the protocol from Subtask 1.2.

Subtask 2.1  Organic Challenge:  The agreed upon organics will be used to challenge the CISTWU individually at several concentrations each.

Subtask 2.2  Biologic challenge:  The unit will be challenged using bacteria and bacteriophages (surrogate for viruses) at several concentrations.

Analysis Methods:  For organics, the use of Standard Methods for the Examination of Water and Waste Water will be used.  For biologics, standard plate count techniques and bacteriophage assay techniques will be used.  The offgas will be monitored and analyzed using standard methodology.

Task 3: Continuous challenge of the CISWTU:  Figure 1 is a schematic of the envisioned continuous challenge mode for the CISWTU.  The untreated influent will be made up in Tank A, with continual recirculation to achieve continual mixing.  The CISWTU will treat the challenge water and offgas samples will be taken during the course of each run.  Tank B will hold the treated effluent (Two tanks will be used, not shown) and after analysis indicates contaminate levels, the effluent will be discharge to an appropriate receiving unit.


Figure 1

Task 4.   Siting of the CISWTU:  The unit will be skid mounted and sited at a chosen fish hatchery.  The unit will be operated continuously over a thirty day period.  In-line monitoring will be accomplished to the extent possible (depending upon contaminates of concern identified by hatchery personnel).  For all other analysis, an independent laboratory will be used as close to the site as geographically possible.

Task 5.  Report:  Water Services, LLC., will provide monthly reports to the BPA, a six month report and a final report, 30 days after the study is completed.

f. Facilities and equipment

Water Services, LLC. Will provide the CISWTU, floor space and analytical capabilities for Tasks 1, 2, and 3.  For Task 4, Water Services will provide a skid mounted unit, transport the unit, mobilized the unit at the selected hatchery, operate the unit for the requisite time period, demobilize the unit, and transport the unit back to the Nampa, ID, facility.
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Section 4. Key personnel

James B. Duncan, Ph.D.,  Principal Investigator

EDUCATION


Doctor of Philosophy, Civil (Environmental) Engineering, Texas Tech University, 1985

AFFILITIONS


American Institute of Chemical Engineers


North American membrane Society (Board of Directors, 1987 – 1989)


New York Academy of Sciences


Sigma Xi


Water Environment Federation

EXPERIENCE – 


Experience 1992 – to Present

Idaho National Engineering and Environmental Laboratory

Clean Closure of V-Tanks in Operable Unit 1 (Waste Area Group 1, Test Area North) – Brought technical points to the team as to why in-situ vitrification should not be the remedy of choice in the ROD.  Identified vendors to treat the waste and disposal options.  Due to the surfacing of technical concerns, an alternative pathway was chosen saving the taxpayers approximately 8 million dollars.

Proposal For Demonstration of Innovative Water Treatment Technology – Major contributor for a proposal to demonstrate efficacy of an INEEL proprietary water treatment process aimed at treating water for Cryptospodrium without chemicals.  The INEEL is teamed with two commercial engineering firms to bring the technology forward. 

COGEMA Engineering Corporation (Formerly Westinghouse Hanford Corporation)

Flowsheet Development for the Hanford Tank Initiative Program, Clean Closure of AX Farm Underground Storage Tanks  

K Basin Spent Nuclear Fuel (SNF) Stabilization Program Tank Waste and Retrieval System, Privatization Program Proton Storage Ring (PSR) Program, Los Alamos National Laboratory 

Effluent Treatment Facility (ETF) Program, Hanford 

N Basin Spent Nuclear Fuel (SNF) Pool Stabilization Program 

KR-4 Pump and Treat Project.

N Basin Potable Water Tank Focus Area Program 

Efficient Separations and Integration Program 

Hanford 100 Area CERCLA Activities 

Adjunct Faculty, Department of Civil and Environmental Engineering, Washington State University 

Experience 1991 to 1992:

Pacific Northwest National Laboratory

Staff Engineer, Waste Technology Center 

Experience 1986 to 1991:
Eastman Kodak Company

Manager, Advanced Chemical Technologies (ACT) Group, Eastman Kodak Experience 1980 to 1985:

Commissioned Officer, US Army Chemical Corps.

.

Harry Beaulieu Ph.D.., CIH,CSP

EDUCATION


Ph.D., Environmental Health, University of Okalahoma, 1976


M.S., Environmental Health, University of Minnesota, 1973


B.A., Biology/Chemistry, University of Minnesota-Morris, 1972

CERTIFICATIONS


1979 – Certified Industrial Hygienist (ABIH), #1646


1978 – Certified Safety Professional (BCSP), #5819


1987 – Asbestos Project Designer Training Course (AHERA)


1991 -  Certified Instructor, 30 CFR (Part 48) MSHA

1993 -  Hazardous Waste Operations and emergency Response

AFFILIATIONS


Diplomat to the American Academy of Industrial Hygiene


American Industrial Hygiene (President of Rocky Mountain Section)

EXPERIENCE


1985 to present – President/Laboratory Director, Industrial Hygiene Technologies, Inc.

1983 – 1984, Industrial Hygiene consultant with Safety and Health Consultation Service, Boise State University

1977 – 1982 – Professor of Industrial Hygiene and Environmental Health, Colorado State        University

Lanny G Sloan, P.L.S., Project Administrator

Education


B.S., Business Management, Lewis-Clark State College, Lewiston, Idaho, 1990

CERTIFICATION


Professional Land Surveyor, Idaho Registration #3701, 1979


Certified Grant Administrator, State of Idaho 1988

AFFILIATIONS


American Waterworks Association (Board of Directors, Intermountain Section1988 – 1990)


American Public Works Association


Pacific Northwest Pollution Control Association


Water Environment Foundation


Salmon Basin Advisory Group

EXPERIENCE

1993 – 2000, City Administrator, Salmon, Idaho


1993 - 2000, Owner, Sloan Surveying, Salmon, Idaho


1990 – 1993, Public Works Director, Coos Bay, Oregon


1982 – 1990, Public Works Director, Jerome, Idaho


1981 – 1990, Project Superintendent, Holley Construction


1977 – 1980, Professional Land Surveyor, E-H-M Engineers, Inc., Twin Falls, Idaho
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