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II. EXECUTIVE SUMMARY

THE ABSR FACILITY AT THE PANOCHE DRAINAGE DISTRICT
The Algal-l~_cterial Selenium Removal (ABSR) Facility has been operating for a year

in the Panoche Drainage District (PDD) near Firebaugh, Catifornia. There are two identical
systems consisting of a series of three ponds designed both to produce selenium- and nitrate-
reducing bacteria and to produce and harvest mieroalgne for bacterial subslrate. The
Reduction Pond (RP) is fed tile drainage water and organic bacterial substrates. Native
bacteria such as Acinetobacter and Pseudomonaa use the suhstrates as a carbon and energy
source and reduce oxygen, then nitrate, and finally seleuate. The second pond in the series
is a 0.1-acre shallow, paddle wheel-mixed High Rate Pond (HRP) which is designed to
maximize the growth of green mieroalgae. The algae are collected in a I.g00-sq. ft. Algae
Seeding Pond (ASP) that follows the HRP. These algae are harvested and then added to the
RP for use as bacterial substrate.

The ABSR Facility at PDD has recemly removed 90% of total soluble selenium from
a flow of 3,200 gallons per day of subsurface agriculture drainage water from 396 ~gfL, to
34 gg!L. In past studies total soluble selenium eoncentr0.tions have reached less than 10
tzg!L in the ABSR process (Gerhardt and Oswald, 1990). The estimated cost of drainage
water treatmem is less than $100 per aere-ft in systems larger ~han 10 million galloes per day
(SEA, Inc., t988).

It is proposed to continue the operation and evaluation of the ABSR Facility at PDD
for three years. During this period, systematic studies utilizing the two identical systems will
be conducted to improve and optimize selenium removal at the lowest possible cost.

With the wide-spread implementation of the ABSR Technology in the western San
Juaquin Valley the loading of selenium to the San Joaquin River and the Delta would be
substantially reduced lowering the potential for toxic impacts upon wildlife,
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m, PROJECT DESCRIFrION

A. DESCRIPTION AND APPROACH
In order to prevent toxicity to wildlife, the San Inaqnln Regional Water Quality Control

I~oard and the U.S. EPA have set limits on selenium concentration and loading to the sloughs
draining western San Joaquin Valley agricultural areas. Presently the sloughs discharge
selenium-contaminated subsurface drainage wamr to the San Joaquin River and the Della.
Drainage water treatment can effectively reduce mass loading of selenium to the San Joaquin
River from agricultural Sources. Discharge of selenium to the San/oaquin River by farmers in
the 90,090 acre Grasslands basin is limitad by regulation to 6,800 lbs per year. To meet this
limit half of the selenium rna~s must be eliminated. Short of extemive land retirement drainage
water treatment is currently the only practical means of reducing the selenium load.

ALGAL-BACTERIAL SELENIUM REMOVAL SYSTEM
An Algal-Bacterial Selenium Removal (ABSR) System has consistently removed 70% to

80% of total soluble selenium from a flow of 3,000 gallons per day of subsurface agriculture
drainage water in the Panoche Draivage Dis~iet near Firebaugh, California. Total soluble
selenium concentrations have reached less than 10 ppb in the ABSR Process (Gerhardt and
Oswald, 1990). The estimated cost of drainage wa~r traatmen~ is less than $]00 per acre-ft in
systerm larger than 10 million gallons per day (SOA, Inc., 1988). Smaller ABSR Facilities
treating drainage water from individual sumps with especially high selenium concentrations
might also pro,¢e to be economical. Remccval of bordn and some metals also has been observed
in the ABSR Process.

B. LOCATION
The Panoche Drainage District Site is located approximately 10 miles from the City of

Firebaugh on Nees Avenue in Fresno County. The technology demonstrated at this site if
implemented on a large scale in the western San Joaquin Valley would significantly reduce the
selenium load to the San .Ioaquin River north of Mud Slough and to the Delta.

C. EXPECTED BENEFITS
Selenium contamination of the San Joaquin River and Delta is a likely stressor for

invertebrate aquatic organisms such as clams and for the higher aninuds that feed on them. The
selenium load from subsurface agricultural drainage affects both fresh water and salt water
habitats. By reducing the loading of selenium to the San Joaquin River and the Delta, acute
aud!or chronic toxicity to wildlife would likely be reduced. To this end the San Joaquin
Regional Water Quality Control Board and the U.S. EPA have set a selenium limit of 5 t~g/L
for drainage discharged to sloughs in western San Joaquin Valley agricultural areas. Presemly
the sloughs discharge selenium-contaminated subsurface drainage water to the San Joaquin River
and the Delta.

The 20,000 gallon per day demonstration ABSR Facility is expected to remove
approximately 3 g of total soluble selenium and 680 g of nitrate nitrogen each day from the
ainage water. With the future implementation of the ABSR Technology to treat substantial
portions of the drairmge flows of the western San Joaquin. reductions in selenium loading to the
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San Jo~qoin River will be significant. With ~.0 million 8allons per day being treated in ABSR
Facilities, 15.000 g/day of selenium would be prevented from entering the S~n Jnaquin River
system and the Delta. Continued operation of the ABSR Facility will provide aceur~te capital
and operatiocal thfortr~ion needed by drainers prior to l~rger-se~le, wi~e-spre~!
implementation. Of the selenium removal processes tested over the past decade, the ABSR
Process is one of the most cost effective for agricultural drainage treatment for the following

¯ Low capital cost relative to physico-chemical technologies such as ion exchange and
membrane systems.

¯ Low operational costs. Nitrate- and selenium-reducing substrates are produced on-site
or consist of locally available organic wastes.

¯ Infrequent need for disposal of reduced selenium that is immobilized in inert sediments.
¯ Potential utilization of sediment containing reduced selenium as soil amendment.

D. BACKGROUND AND BIOLOGICALiTECFINICAL JUSTII~CATION
THE ABSR PROCESS

The basic concept of the ABSR Process is to grow microalgae on drainage water to
remove nitrate and to utilize the algal biomass as a carbon source for bacteria which reduce
selenate to seIenite in an anoxic Reduction Pond (RP). Selenite precipitates with metal ions or
is further reduced to insoluble elemental selenium. The insoluble forms of selenium are
separated from the water primarily by sedimentation in the RP and secondarily by dissolved air
flotation (DAF) and sand filtration. The flow schematic of the ABSR Process is shown in
Figure 1.

Past and current studies indicate the necessity of reducing nitrate to low levels before
selenium can be reduced. Once the nitrate level is reduced, selenate can be reduced to selenite
and elemental selenium by bacteria thin use the oxidized selenium species as electron aceeptors
for respiration (Gerhardt & Oswald, 1990; Oswald, 1988). A carbon source is required for the
reduction of nitrate to nitrogen gas. We have determined, however, that high sulfate
concentrations (2,000-4,000 mg/L as SO,z) in drainage water do not appear to significantly
interfere with nitrate and selenium reduction.

The selenium removed from the water column accumulates in the algal-bacterial biomass
and inert materials in the bottom of the RPs, Because the biomass is continuously decomposing,
the volume of solid residues increases very slowly. These solid residues can accumulate over
many years before they are removed and disposed of at a landfill. With frequent removal of
solids t~,om the RPs, selenium eoncentratioas are expected to be low enough to allow land
application, The residual solids containing high levels of nitrogen, phosphorus, and salenium
could be beneficial as a soil amendment on the selenium-deficient soils of the eastern San
Joaquin Valley.

Algae grown in the HRPs provide an on-site carbon and energy source for nitrate-
reducing and selenium-reducing bacteria. Other organic carbon sources might be used in place
of, or in addition to, algal biomass. Low-cost food processing wastes may also be a carbon
source tbr this application as has been determined in the current studies at the PDD. Dissolved
carbon dioxide produced by on-site power generation units can be used in the HRPs for pH
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control. Th~s carbon improves algae production by supplementing the bicarbonate in the influent
drainage water. Carbon dioxide is currently being used as a carbon source at the ABSR Facility
at the Panoche Drainage District and has bena used since 1983 as a carbon source in HRPs used
for commercial algal cultivation (Naylor, 1993L

T~e algae grown in the HRPs are harvested primarily in an Algae Settling Pond (ASP)
and secondarily by DAF and filtration as required by ef~uent discharge standards. The
harvested algae are then fed to the RPs for use as baoterial substtam.

Bioaccumulation of selenium by invertebrates aM other wildlife is expected to be limited.
lnfluent selenium is c~tured in reduced form in the sediments of the Reduction Pon~s which
is 10 feet below the water surface in the anoxic Reduction Ponds. Although invertebrates may
be exposed to these deep sediments, movement of selenium into birds is limited the surface
covers on the Reduction Ponds whinh prevent bird access. No birds have been observed in any
of ABSR Facility ponds over the last year. Inorganic and organic selenium levels in the HRPs
and ASPs are similar to those found in the subsurface drainage channels where microalgal
growth is prevalent.

The ABSR Process is a variation of the Advanced Integrated Wastewater Pond System
(AIWPS) technology which has been developed by Professor W,J. Oswald at the Uaivarsity of
California, Berkeley Environmental Engineering and Health Seieaces Laboratory (EEHSL) for
economical and natural treatment of sewage and industrial and agricultural wastes. A small-
scale ABSR System was constructed and operated from 1987-1989 near Mendota, California,
and its ability to remove high coneentraf~ous of selenium and nitrate from agricultural drainage
was proven. Reductions in total selenium eoncentratious from 400 ~g/L to less than 10
were achieved. These studies also elucidated several key microbiological and physico-chemical
mechanisms for selenium and nitram removal (Gerhardt and Oswald, 1990; Gerhardt et aL,
199I; Lundquist et al., 1994). Based on this and other earlier research, an ABSR Facility with
a design flow of 20,000 gallon per day has been built near Firebaugh in the Panocbe Drainage
District to demonstrate at a larger scale the feasibility and economy of selenium and nitrate
removal from irrigation drainage water. A preliminary economic analysis based on the work
at Mendota indicated that construction and operations costs of an ABSR Facility should be
between $68 and $272 per acre-foot treated for 100 and 1 million gallon per day systems (1988
dollars) (SOA, Inc.. 1988).

THE ABSR FACILITY AT THE PANOCHE DRAINAGE DISTRICT
The Algal-Bacterial Selenium [~emoval (ABSR) Facility has been operating for a year iu

the Panoche Drainage District (PDD) near Fir~bangh, California (Figure 2). Support for the
design, coustruetion, and operation of the Panocbe ABSR Facility has been provided by a
Bureau of RecI~nation Challenge Grant Program and matching funds and services have been
provided by the Panocbe Drainage District; the University of California, Berkeley, and
Lawrence Berkeley National Laboratory. The Facility consists of two ideutical ABSR Systems.
One System is used as the e×perimenta] control. Each system consists of a series of ponds
designed both to produc� selenium- and nitrate-reducing bacteria and to predate bacterial
substrate. The Reduction Fond (RP) r~ceives tile drainage water and organic bacterial
substrates. Nari’ce bacteria such as A¢inetoba~ter af~d Pseudomonc~ use the substrates as a
carbon and energy source and reduce oxygen, then aitrate, and finally selenate. As we
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demonstrated at the Meadota pilot system, before significant selenate reduction can occur niU’ate
must be reduced to less than approximately 3 mg/L as N. Nitrate ranges from the 60 to 120
mg/L NO3 -N in the drainage water at the PDD site. The second pond in the series is a 0. i-
acre shallow, paddle wheel-mixed HRP which is designed to maximize the growth of green
microalgae. The algae are collected in a 1,400-square foot ASP that follows the HRP. These
algae are harvested and tl~n added to the RP for use as bacterial subs~’ate. We have used
heating or drying and milling to disrupt the algal cells making them more available to bacterial
utilization. However, recent work indicates that this pretreatment may be unnecessary if the
algae are collected, harvested, and fed to the RPs in a cycle of days rather than weeks as
initially done for the ABSR Systems in the PDD.

WATER QUALITY RESULTS AND SUBSTRATES EVALUATED
The first objective of the project is to demonstrate the removal of nitrate and selenate by

the RPs. For start up, tire PDD systems were fed algae collected over six months from the High
Rate Pond/Algae Settling Pond system at the University of California, Berkeley Richmond Field
Station. These algae were pretreated with heat or by drying and milling. This algal biomass
was found to be a relatively poor substrate. Between the time that a surface cover was installed
on the South RP in December t996 and April 1997 when the feeding of Richmond algae was
discontinued, the South tLP removed an averge of only 2~.% of influent nitrate.

Subsequent laboratory experiments have shown that algae harvested directly from the
Panoche and Richmond HRPs and used as substrate directly without pretreatmant ace 2 to 11
times as effective for nitrate and selenium reduction as were the algae collected over months in
the Richmond ASPs. The "fresh" algae reduced at least 0. ll g NO~.-N per g volatile solids
introduced. S~earn pretreatment of the "fresh" algae did not significantly improve nitrate
reduction. Molasses was also evaluated as a substrate and found to reduce 0.22 g NO,--N per
g volatile solids.

Acting on the laboratory results, animal feed grade molasses has been used as a substrate
in the North ABSR System and freshly harvested algae in the South ABSR System. From
March 24 to the present, the molasses-fed system has consistently reduced nitrate nitrogen to iess
than i0 mg/L NO~- N and to~ soluble selenium 70% to 80% from of a mean of 377 ,~gtL down
to a mean of 96 ~,giL (Figures 3 and ~.). Additional soluble selenium removal is aeheived in the
HRP and ASP. The lowest systemm effluent total soluble selenium concentration was 34 ~g/L.
The flow has been 3,200 gallons per day during this period, giving a hydraulic residence time
of 52 days in the molasses-fed system. A hydraulic residence time of approximately 20 days
or less is expected to give equal results once internal baffles are installed in the RPs in August
I997.

Algae harvested by dissolved air flotation from the City of Sunnyvale wastewater
treatment ponds have been fed to the South ABSR System since April 14, 1997 causing complete
nitrate removal. Soluble selenium concentration in the South RP effluent has dropped to 133
~,g/L (Figure 5). Now that the nitrate level in the RP is reduced to near zero, importation of
Sunnyvale algae will be discontinued and algae harvested from the South HRP will fed to the
RP to denitrify the influent. Also gradual improvement in nitrate-reducing ability of the RP
culture was seen at the Mendota pilot system and is anticipated at the PI3D system.

The ABSR Facility HRPs reached algae concentrations as high as 493 mg/L as volatile
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suspended solids (VSS) before wind s~orm damage forced the draining of the HRPs ~t the end
of March I997. Concemrations have ranged from 80 to 150 mg/L VSS since the HRPs were
put back on line. Approximately 50% of the algae ha~ been settling in the Algae Se~ing Ponds.
This settling efficiency is typical of algae growth in paddle wheel-mixed ponds. The algae
produced in the molasses-fed system will be recycled to the RP reducing the molasses dose
required.

Internal baffles for in each of the RPs are scheduled for installation in August 1997. The
baffles should improve nitrate and selenium removal by preventing flow short circuiting which
is the likely mason for the leveling off of selenium removal at 70% to 80% in the molasses-fed
PP. The cells tbrmed by the baffles will also isolate the selenium reducing zones from the
dissolved oxygen and nitrate present in the influenL

E. PROPOSED SCOPE OF WORK
The objective of the proposed work on the ABSR Technology is to de~monstrate the

production and subsequent use of micrnalgae as a substrate for nitrate and selenium reduction.
The opermiorad costs of filll-scale ABSR Facilities will be estimamd from the results providing
valuable piarming information for drainage districts and the State and Federal governments. The
specific activities of the Panoche ABSR Facility project are as follows:

Task 1 (Year 1, Yem" 2, and Year 3)
Summary: Collect the dam required to perform selenium, nitrogen, phosphorus, and
carbon mass balances on the systems in order to validate the removal performance.
Determine attainable steady-state selenium concentrations in the effluent of the ABSR
Systems, Adjust opermional paxnmeters (HRP depth, pH control set point) to most
efficiently use nutrients for algal growth.

Subtask 1.1 Monitor influent and effluent flows and selenate and selenite
concentrations in each pond, the inorganic and organic selenium
concentrations in the pond sediments, and any volatilized selenium
captured in pond surface collectors. Water and gas samples will
be analyzed weekly. Pond sediments will be analyzed quarterly by
X-ray absorption near-edge structure (XANES) spectroscopy at
Brookhaven National Laboratnsy.

Subtask 1.2 Monitor the ammonia, organic, nitrate, and nitrite forms of
nitrogen in the influent and effluent of each pond and in the pond
sediments. Gas samples collected at the pond surface will be
analyzed for nitrogen gas. Influent, effluent, and gas samples will
be analyze weekly. Sediment samples will be analyzed bimonthly.

Subtask 1.3 Monitor the total and soluble reactive phosphorus in the influem
and effluent of each pond and in the pond sediments. Inflaent,
effluem, and gas samples will be analyze weekly. Sediment
samples will be analyzed bimonthly.

Subta.sk 1.4 Monitor the organic and inorganic carbon in the influent and
effluent of each pond and in the pond sediments. Gas samples
captured from the pond surfaces will be analyzed for carbon
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dioxide and methane gas. Influent, effluent, and gas samples will
be analyzed weekly. Sediment samples will be analyzed
bimonthly.

Suhtask [.S Monitor dissolved hydrogen sulfide concentrations in the Reduction
Ponds.

Subtask 1.6 All water quality analyses will be validated with QA/QC
procedures using matrix spikes, split and duplicate sample,
blanks, and slandards.

Task 2 (Yearl, Year 2, and Year 3)
Summary: Sample system wamr column and sediments twice yearly and determine the
bacterial types active in nit’fate and selenium biotransformadona. Determine the
environmental conditions that optimize the organisms’ biotramformation reactions.

Task 3 (Year 2 and Year 3)
Summary: Quantify invertebrate populations in the ponds and measure selenium
bioaccamalation leveIs. Compare to published information on background levels of
bioacuamulation in the western San Joaquin Valley and on levels causing selenium
toxicity.

Subtask 3. ! Conduct bimonthiy samplings of invertebrates in all ponds and
analyze the biomaas for selenium concentration.

Task 4 (Year 1, Year 2, and Year 3)
Summary: Use the data collected to provide an economic analysis of the ABSR Facility
at Panoche Drainage District and of the ABSR Technology applied at a larger scale (e.g.,
l rail|ion gallons per day (MGD), 10 MGD, and 100 MGD).

Subtask 4.1. Maintain records of operational costs such as power, engine
generator fuel use, nutrient costs (phosphorus, iron), and
operations and maintenance costs.

Task 5 (Year 1. Year 2, and Year 3)
Summary: Conduct field days at the ABSR Facility for growers, water districts, ami
regulators. At least two field days will be held each year.

Task 6 (Year 1, Year 2, and Year 3)
Summary: Prepare annual progress reports and a final project report which present and
interpret all analytical, quality control, and operational cost data.

F. MONITORING AND DATA EVALUATION
The program for monitoring the system performance is described above in the Proposed

Scope of Work. Data evaluation will consist of determining the effectiveness the system for
nitrate and selenium removal and determining accurately the operational cos,ts for achieving the
contaminant removal. Laboratory quality control/quality assurance procedures and system mass
balances will be used to verify the veracity of the results. The final report will contain cost
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estimates for lacge and small flow configurations of the ABSR Technology and will m_.~
recommendations on ~be mnst appropria~ implementation sWaegy for reducing selenium loads
to the San Jo~quin River.

Each annual repor~ will be peer reviewed by at lea~t one member of each of the following
professions: academic researcher, water district manager, and resources regulator.Their
feedback will be published with responses in each annual report.

G. 1MPLEMENTABHXrY
The site of the Panocbe ABSR Facility is located on one acre owned by Enrico Farms,

Inc. Enrico Farms, Inc. has given permkssion for the continued use of the site for at least three
more years. The Panoehe Drainage District and Enrico Farms, Inc. are hosting the ABSR
Facility. The Imperial Irrigation District near the SaJten Sea ha~ also expressed continued
interest in the Panoche ABSR Facility project. Such water districts will likely be the end users
of the ABSR Technology and the continued support and interest of water districts and growers
will be solicited throughout the proposed project.
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MILESTONES

Schedule for the Panoche Drainage District ABSR Facility Project

Task Year I Year 2 Year 3

i. Operate and Collect
Data

t.1 Monitor Se

1.2-1.6 Monitor other

2. Bacteriological Studies

4. Economic Analysis

5. Field Days

C. TH]RD PARTY IMPACTS
There are no anticipated negative third party impacts. All ponds are lined preventing

drainage water contaminants from entering the soil, and the Panoche Drainage District has
agreed at the end of the project to dispose of any high-selenium residual solids in an appropriate
landfill.

9
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V. APPLICANT QUALIFICATIONS

ORGANIZATION
Professor William J. Oswald, Ph.D., P.E., originator of the ABSR Process and algal

cultivation in High Rate Ponds, will continue be the principal investigator for proposed ABSR
Facility project. Professor Oswald will be assisted in project management by two staff research
engineers from the Univerisity of California, Berkeley, Environmental Engineering and Health
Sciences Laboratory. The staff engineers have l0 and 8 years of experience with the ABSR
Technology and similar wastewater treatment processes.

ABSR Facility operations will be performed by a full-time a~ademic staff person from
the University of California, Berkeley assisted by the staffreseareh engineers. Analytical work
will be conducted by graduate students in the University of California, Berkeley Civil and
Environmental Engineering Department and the School of Public Health under the supervision
of a managing analytical chemist from the Lawrence Berkeley National Laboratory. The
analytical methods to be used are all well established, and the required laboratories and
analytical iustrurnents are available at the University of California, Berkeley Environmental
Engineering and Health Scieneas Laboratory and the Earth Sciences Division of the Lawrence
Berkeley National Laboratory.

Identification and characterization of the microorganisms of the ABSR Systems will be
performed by the laboratory of Professor Terrance Leighton, Ph.D. of the Department of
Molecular Cell Biology at the University of California, Berkeley. Professor Laighton’s group
has previously identified selenium- and nitrate-reducing banteria from agricultural drains and
from the PaJaoche ABSR Systems. Professor Leighton has also developed a bacterial selenium
removal process specifically for the oil refining industry.

Selenium speciation and quantification in the solid residues of the ABSR Systems will be
performed by Dr. Tetsu Tokunaga of the Earth Sciences Division of the Lawrence Berkeley
National Laboratory using X-ray absorption near-edge structure (XANES) spectroscopy. Dr.
Tokucaga is an geochemist with over ten years experience in selenium-related soil studies at
Kesterson Reservoir and other sites.

Dr. Nigel Quinn of the Earth Science Division of the Lawrence Berkeley National
Laboratory and the U.S. Bureau of Reclamation is an expert in San Joaquin Valley drainage
management and real-time monitoring of water quality. He has eight years exerieace in San
Joaquin Valley drainage issues. Dr. Quinn will evaluate the role the ABSR Facilities can play
in conjunction with other drainage management strategies in reducing selenium loads and
concentrations across the western San Joaquin Valley. This management evaluation will be
valuable to water districts as they look to implement the ABSR Technology in the most effective

10
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WlLLLadVl .L OSWALD

Enviro~ent~ Engin~r~g ~d H~I~ ~iene~ Laborato~
[301 S. ~ Sift, Bldg. II2
Ric~ond, California ~8~

EDUCATION
8~helor of Science - Civil Engi~fing

Univecsi~ of C~ffo~ia
M~ter of Science - S~it~ Engia~ing

Universky of Califo~ia
D~tor of Philosophy - S~i~ Ea~neering, Biolo~
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~O~SS[ON~
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" S~i~ Engineer~g D~or~ U,S. ~biic Heal~
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. ~eric~ Ac~emy of Enviro~en~l Engineers, Diplo~
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* ~eric~ Ass~iation for the Adv~mem of
. N~ York Academy of Science
. Water Pollation Control F~ration
. ~¢ric~ Water Wor~ Association. Li~
~ ~ter~eric~ S~i¢~ of S~i~ Eagin~rs
~ In~mational Cell Rcse~ch Org~ation

HONOR~Y ~CIETIES
* Chi ~psiloa
~ Sigma Xi
* Tau B~ Pi
" ~lta Omega

AW~DS ~ HONORS
Water Pollution Control F~eration:

H~rison Preston E~dy M~al for No~wo~hy Rese~ch.
. Americ~ S~ety of Civil Engine,s:

Outriding FacuRy Aw~ (Smdem C~). U.C.
J~ Cr~s Medal (National)
Rudolf Hcring Medal (National)
A~ur M. Wellin~on Aw~ (National)

. U.S. Bureau of Recitation. ~e Enviromental Protection Agency ~ t~ D~em of Wa~er
Resources: Special Co~¢ndalion for Excelle~e of Co~ul~ing Se~i~ on ~eragency Ccmral
Vatiey Drainage Proj~x.
Council tbr Agricul~rai Pl~mg ~d De, lop,m, R~ublic of China: D~sfin~is~ Paper
Co~¢n~agion.

~ National Science Found~ion ~d World Health ~g~ion: V~ious fellowships for Iate~oa~
SpeWing Engagemen~ ~d Consult~hips.
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SPECIALTIES
¯ Saniu~ryiEnvironmontat Engineering
¯ Applied Phycnlo~
¯ Microbial W~ Management Syst~’m~
¯ Environmantal Systems Engineering

EXPERIENCE
¯ Teaching - Emeritus Professor of Biomedica~ and Environmental Health Sciences and Environmental

Engineering, School of Public Health and College of Engineering, University of California. Berkeley,
Specialist in water quality management and low-cost appropriate t~.hnok~y for waste tream~ent and
disposal systems, anaerobic dig~tion, solar onergy applications and a~xaa~ive energy tnsourc~: tecovery
systems. Has taught: Water Resource Engineering (Quality), Principles of Sanitary Engineering,
Environmental Health Science (Water and Wastewa~r), Biological Conn’ol Systems, Pond Design and
Applied Phycology, Former Major Field Adviser in Bicongineering. Major Professor for more ~
50 Master of Science and MPH, and 25 D~.xor of Philosophy and Dcetor of Public Health graduate.

¯ Reeearch Engineer - [n addition to responsibilitins assceinted with his university emeri~ns profo~sorship,
has had more r.han fifty international, federal~ state and local r~,earch and development grants as a
Research Engineer to study various aspeets of micrnbiolngieal sy~ms for waste treatment,
environmental control, energy production, methmm fermentation, .fertilizer production, phermacemical
production, water and nntrient reelnmation, and to,tic waste treatmem. Current rnseareh involves
applications of Advanced Integrated Pond Systems for energy conservation and toxicant removal.

¯ Professional Engineer - Has provided system designs for more than 50 anceessf~zl wastewater
management sys~ms. Has provided advisory, r~iew and consultative services for more than 35 ~ars
on water supply and waste management systema, biological engineering and environmental control m
the World Health Organization, The Pan American Health Organization, the Uthted Nations
Environmental Program, the International Bank for Reconstruction and Development (World Bank), the
Asian Development Bank, the U.S. Agency for International Development, the U.S. Army, Navy and
Air Force, the U.S. Bureau of Reclamation, United State* Congress, House and Senate, Office of the
President, U.S. Public Health Service, U.S. Department of the Interior, U. S. Departmtmt of
Agric~tlture, the National Academy of Sciances, the National Academy of Engineering, r.he National
Aeronautic and Space Administration. the California State Legislature and California State Deparonent
of Water Resources: the Oceanic Institute of Hawaii, the govesnment~ of Australia. Botivia, Brazil,
Chile, Colombia, Cuba, Czechoslovakia, Egypt, France, Germany, Hungary, India, Iara~l, Jamaica,
Mexico, People’s Reptzblic of China, Philippines, Portugal, Puerto Rico, Russia, Singapore, S’.,,~len,
Taiwan, Tunisia, and Venezuela, as well as over 100 lceal agenci~ and private firms. Profeasor
Oswald is known internationally as one of the world’s foremost authorities on waste stabilization ponds.
high rate ponds, methane fermentation, microalgal produ~on, water reclamation nutrient recycle, and
toxicity control.

¯ Inventor - Inventor of Advancad Integrated Waatewater Pooding Systems. High Rate Ponds, Algan’on,
Photosynthetic Oxygenation, Posphyridium Cruenmm.

¯ Writer - Professor Oswald has authored over 400 papers, articles and reports pubiishod in professional
journals, hooks and trade publications threngho~t the world. A list of publications and reports since
|990 follo’~s. The complete list since 1950 is available upon request.

2
--005959

1-005959



REFERENCF~S

Chart, P.H. ([987). Factors Influencing Me~hane Fermentation of Micro-Algae, Ph.D.
dissertation, School of Public Health, University of California, Berkeley, pp. 256

Ergas, S., Lawyer, R.A., Pfeift’er, W.LT., and Schreeder, E.D. 0990). Microbial Process
for Removal of Selenium from Agricultural Drainage Water, Report to the U.S. Bureau of
Reclamation, Contract No. 9-FC-20-07720, pp. 67,

Gerhardt, M.B. and Oswald, W.J. (i990). Microalgal-Bacterial Treatment for Selenium
Removal from San Joaquin Valley Drainage Wa~em, Final report to the Federal-State San Joaquin
Valley Drainage Program, U.S. Bureau of Reclamation, Sacramento, California, pp, 2~,2.

Gerhardt, M.B., Green, F.B., Newman, R.D., Luadquist, T.J., Tresan, R..B., ~ Ossvaid,
W.L (1991). "Removal of selanium using a novel algal-bacterial process," Research Journal
of the Water Pollution Comrol Federation, July/August, pp. 799-805.

Lee, E.W. (t993). "Treatment, Reuse, and Disposal of Drain Waters," Journal oflrdgation
and Drainage Engineering, Vol. !19, No. 3, pp. 501-513.

Lundquist, T.J., Gerhardt, M.B., Green, F.B., Tresan, R.B., Newman, R.D., and Oswald,
W.J. (199,1). "The algal-bacterial selenium removal system: mechanisms and field study," In:
Selenium in the Environment, Frankenberger, W.T. and Benson S.M. (eds.), Pergamon Press,
New York, New York, pp. 251-278.

Naylor, T. (1993). Personal communication, Microbio Resources, Inc., San Diego, California.

13

I --005960
1-005960



$2,253 3 ~er 1~% $20,2~ $20,683 $21,097

I --005961
1-005961



EEHSL- 2019

COST BREAKDOWN TABLE

Overhead
~irect Labor Matariat Miecelta~aous

Project Direct Salary (General, and and other
Phase Labor and Admin Se~ice Acquis~on Direct
and Task Hours Benefits and fee) Co~racts Contacts Costs

Task 1 26,664.90 $583,897.28 $78,223.65 $74,t00.66 $O.00 $124,232.65 $866,454.24

Task 2 1,738.26 $38.977,30 $5,219.70 $4,937.85 $O.00 $8,281.46 $67,416.30

Task 3 ~,738.Z6 $38,977.30 $5,219,70 $4,937.85 $0.00 $8,281.45 $57,418.30

Task 4 1,147,26 $25,725.02 $3,445,00 $3.258.99 $0.00 $5,465.75 $37,894.78

Task 5 1,738.26 $38,977.30 $5,219.70 $4,937.95 $0.00 $8,281.45 $57,416.30

Task 6 1,738,26 $52,991.80 $7,066.25 $6,583,80, $0.00 $11,086.25 $77.728.10

TOTAL                       34,765.20           $779,546.00             $104,394.00                $98.757.00                            $0,00             $165,629.00        $1,148,326.00
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Figure 1. Flow schematic of the ABSR System.
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Figure 2. Plan view of the ABSR Facility at the Panoche Drainage District.
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Figure 3. Nitrate + nitrite nitrogen concentrations in the North Reduction Pond of the
ABSR Facility at the Panoche Drainage District during 1996-1997.

--*- Influent + North Reduction Pond effluent



500

"~ 3O0

-
o 200

Molasses Substrate Feeding
Begins & Cover Installed

0 ’, I ~ I I I ~

Dec 1 Jan 1 Feb 1 Mar 3 Apt 3 May 4 Jun 3 Jul 4 Aug 4

Figure 4. Total soluble selenium concentrations in the North ABSR System
at the Panoche Drainage District during 1996-1997.
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