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U.S. ARMY CORPS OF ENGINEERS, JACKSONVILLE, FLORIDA

HIGHLIGHTS

Pilot study and engineering
analysis to evaluate
potential treatment options
for an ASR project.

Bank filtration selected for
treatment of TOC, taste
and odor, and turbidity
goals.

Bank filtration combined
with ozonation/UV
disinfection provides a
cost effective means
to meet drinking water
standards.

Comprehensive Everglades Restoration Program

As part of the $8.4 billion Comprehensive Everglades Restoration
Program (CERP), the United States Army Corps of Engineers

and South Florida Water Managements District selected Carollo

to perform the first pilot testing and engineering analysis of water
treatment technologies on Lake Okeechobee. The study evaluated
alternatives for treating Lake Okeechobee water prior to injection in
aquifer storage and recovery (ASR) wells. The goal of the study was
to demonstrate compliance with the federal primary drinking water
standards. The selected treatment train consisted of bank filtration
(BF) in conjunction with ozonation and ultra violet (UV) disinfec-
tion.

Bank filtration, which partially relies on the biological degration pro-

cess, has been widely utilized as a drinking water treatment process

for over 100 years, particularly in Europe. The study confirmed the

ability of bank filtration to address microbial, TOC, color, taste, odor,

and turbidity goals cost effectively; furthermore, BF provides for a

robust treatment of variable raw water quality on a wide range of
parameters without imparting residuals or a requirement
for the addition of a chemical coagulant.

Ozonation provided additional treatment for microbial
and organic contaminants and substantially increased
UV transmittance of the water, thereby reducing the
capital and operation costs of the UV disinfection pro-
cess.

Bank filtration treatment combined with ozonation/UV
disinfection provides multiple barriers to target water
quality impairments. Key attributes of the BF/ozonation/
UV treatment train include:

» No waste stream disposal.
» Minimal chemical delivery requirements.
» Low operational and maintenance costs.

» Primary drinking water standards met.
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WEBER BASIN WATER CONSERVANCY DISTRICT, LAYTON, UTAH

HIGHLIGHTS

Plant expansion to
46 mgd.

Ozonation upstream
of filtration promotes
biological removal of
organic compounds and
provides taste and odor
control.

Synergistic combination of

ozone and UV disinfection

resulted in significant cost
savings.

Carollo designed an expansion of
Weber Basin’s Davis North Water
Treatment Plant from 26 to 46 mgd.
Facilities include ozonation, biological
filtration, and UV disinfection.

Davis North Water Treatment Plant

Carollo provided design and construction services for an expansion
and upgrade for the Weber Basin Water Conservancy District, Davis
North Water Treatment Plant increasing the plant capacity from

26 mgd to 46 mgd.

The design includes new conventional flocculation and sedimenta-
tion basins, pre- and intermediate ozonation, and ultraviolet disin-
fection. The design configuration provides ozonation upstream of
granular media filtration to promote additional biological removal of
organic compounds within the filter bed. The biologically activated
filtration (BAF) approach promotes the reduction in total organic
carbon and is an effective control scheme for odor and taste in the
finished water.

An evaluation of disinfection and taste and odor control strategies
showed the synergistic combination of ozone and UV disinfection
resulted in a facility cost reduction of approximately 50 percent com-
pared with the next lowest cost alternative.

key achievements o 17
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TREATMENT PROCESS MODELS

Carollo developed an empirical model for biological treatment pro-
cesses to aid in the preliminary screening of perchlorate and nitrate
treatment technologies. Raw water quality and operational parame-
ters serve as inputs to the models, and outputs include effluent water
quality and quantity as well as a residuals characterization. This
model offers the following benefits:

» Allows for the rapid evaluation of “what-if” scenarios, including
changes in raw water quality or variations in operational strate-
gies.

» Takes into consideration a wide range of compounds including,
perchlorate, nitrate, bromate, and chlorinated solvents, and DBP
precursors.

» Incorporates unit processes from raw water to distribution, thus
allowing full treatment trains to be evaluated.

» Assesses the quality and quantity of treatment residuals, which
enables the identification of appropriate disposal options.

Carollo has successfully utilized this process train model for a num-
ber of projects to quantitatively evaluate performance of selected
Direct Biological Filtration perchlorate treatment alternatives.
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Carollo maintains a bench-scale, con-
tinuous-flow, fixed-bed reactor that can
be operated aerobically or anaerobically to

Carollo developed empirical mass balance models for biological processes
that have been used successfully for several projects for rapid process
evaluation and residual characterization.

testing and optimization capabilities = 18
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Carollo’s bench-scale, fixed-bed
bioreactor provides an inexpensive tool
for evaluating the biological removal of
numerous contaminants under a broad

range of operating conditions and water
quality characteristics.

evaluate the biological removal of organics or inorganics. The 2-inch
inner diameter glass pipe is capped with threaded Teflon® endcaps.
Feed water is pumped from a 10-gallon Teflon® influent reservoir to
the bioreactor through Norprene® tubing using a peristaltic pump. A
floating cover was constructed, which is placed inside the reservoir to
minimize oxygen diffusion into the influent for anoxic/anaerobic test-
ing. The bench-scale fixed-bed bioreactor can be operated indepen-
dently or can be integrated with the bench-scale ozone testing unit to
evaluate ozone + biological filtration treatment.

CONTINUOUS FLOW BENCH SCALE OZONE TESTING

The information required to develop design criteria for ozone facili-
ties includes ozone demand, ozone decay, and screening of ozone
application points. Traditionally, this information has been developed
using pilot-scale facilities, semi-batch bench-scale testing units, or
modeling techniques. The major drawbacks of ozonation pilot studies
include the tendency to overestimate the hydraulic efficiency and the
high cost and time commitment required to mobilize the equipment.
Semi-batch reactors and the use of mathematical models do not
provide sufficiently reliable data for extrapolation to full-scale design.
To address these drawbacks, Carollo has developed a continuous-flow
bench-scale ozone testing unit which combines the reliability of pilot-
scale testing and cost-effectiveness of bench-scale methods.

Carollo’s bench-scale unit consists of a six-stage ozone contactor
with three chambers operating in counter-current flow for ozone
transfer and three chambers operating without gas transfer for ozone
contacting. The volume of each chamber available for
0zone contacting is adjustable to achieve detention times
ranging from 3 to 40 minutes. The ozone concentration
in the feed gas is monitored by an ultraviolet (UV) light
absorption spectrophotometer. Ozone residuals in the
liquid phase are analyzed by collecting grab samples at the
effluent of each of the columns.

System Hydraulics

In order to ensure the applicability of the results, we have
designed this system so that the hydraulics are charac-

Carollos continuous-flow bench-scale ozone system  terized with a T /T ratio of 0.6 to 0.7. This hydraulic
easily simulates a wide range of water quality and - pehavior is modeled by seven to nine completely stirred

operating conditions.

tank reactors (CSTR) in series, corresponding to Peclet
numbers of 12 to 16, respectively. This hydraulic characteristic is
maintained in Carollo’s pilot-scale ozone systems.

Ease of Mobilization

The ozone system resides in a shipping container for easy transport to
various sites for ozone testing. Associated equipment includes ozone

testing and optimization capabilities <= 19
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contactors, rotameters for measuring liquid and gas flow rates, valves
and tubing, and sample taps. This unit also includes a 0.08 Ib/day
ozone generator. Other equipment required to perform ozone evalua-
tions, such as a feed water pump, UV spectrophotometer, and ozone
residual measurement Kit, is shipped with the system.

Mobilization and testing can begin within a half-day of arrival
on-site. Only a small sample volume (approximately 5 gallons) is
required to develop key design data such as ozone demand and
decay relationships, by-product formation, and ozone quenching
alternatives.

PILOT/DEMO SCALE
Fixed-Bed Bioreactor Skid

Carollo Engineers has developed a fixed-bed (FXB) bioreactor skid
that can be used to investigate the biological removal of inorganic
(e.g. perchlorate, nitrate, bromate) and organic (e.g. disinfection
by-product precursors, color, disinfection by-products, chlorinated
solvents) contaminants. The skid can be operated independently or
integrated with other pilot units. The skid features a rugged alumi-
num frame for durability, polypropylene deck and panels for easy
cleaning, heavy duty castors for maneuverability, and leveling feet
that allow pilot operation on irregular surfaces. The three FXB col-
umns can be disassembled and crated easily for transport.

Bioreactor Columns

Each of the FXB bioreactor’s three columns is 8 inches in diameter,

8 feet tall, and can be operated in gravity- or pressurized-mode.
Biogrowth formation and removal can be observed and documented
readily, as the columns are made with clear PVVC. Eight sample ports
are situated at 6-inch intervals covering the bottom 5 feet of each
column. This provides the ability to evaluate depth-wise contaminant
removal performance, identify gradients of redox potential across a
given bed, and generally eliminate the “black-box” nature of granular
media beds. To allow for the evaluation of nutrient dosing strategies,
the skid is mounted with three peristaltic pumps that are connected
to chemical injection ports on the column feed lines. Each column
can be operated independently to allow for the simultaneous evalu-
ation of different hydraulic loading rates, nutrient dosing strategies,
and/or biogrowth support media.

A media support retention plate is used to eliminate the inconve-
nience of a gravel support system and to better represent full-scale
underdrain systems. The skid includes a 115-gallon backwash tank
with an ultrasonic level sensor, which ensures that sufficient water is
available for a given backwash. The backwash protocol may include
both air scour and hydraulic fluidization at a wide range of flow rates

testing and optimization capabilities = 20
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and up to 75 percent bed expansion. To ensure appropriate
restoration of FXB head loss after a given run, each bioreactor
contains a mid-column media extrusion plate, which breaks
apart biomass/media clusters during fluidization.

Instrumentation

The FXB bioreactor skid has the capability to monitor and
record feed flow rates, chemical dosing rates, head loss, pH,
and dissolved oxygen. Frequency of data logging can be as
high as one data point per minute and is set at the discre-
tion of the user. Real time operational and water quality data
are displayed in graphical format using an on-board human-
machine interface (HMI) and can be accessed, downloaded,
or adjusted (operating parameters only) remotely via website-
based or dial-up connections.

OZONE SKID

Carollo Engineers’ standard ozone skid may be operated inde-
pendently, or easily integrated with other skids to evaluate the

Carollo’s bioreactor skid provides depth-wise  impact of ozonation on other treatment processes. This type
performance data, includes chemical injection ports — of skid is generally used to evaluate intermediate ozonation.
and peristaltic pumps to allow for nutrient dosing, and - The rugged metal outer frame of the skid is polymer coated

contains mid-column extrusion plates for enhanced
backwashing capability.

Mid-column media extrusion plates
facilitate efficient backwash events for

Carollo's fixed-bed bioreactor skid.

to provide a durable finish and prevent corrosion. The three
ozone columns can be easily disassembled and crated for
transport.

The ozone contact columns provide a theoretical contact time of 10
minutes at a flow rate of 6 gpm. The skids come fully equipped for
complete ozone evaluations, including the following components:

Air compressors to provide feed gas

Complete air preparation, including drying and filtration
Ozone generation equipment

Ozone contacting

Ozone quenching

Off-gas ozone destruction

vV V. Vv VvV VvV VvV VY

Instrumentation and control
Ozone Generation

The on-board, water-cooled PCI WEDECO GLS-3 provides up to

3 Ibs/day ozone generation capacity. This generator allows a full range
of ozone dosages (i.e., 0.2 to 20 mg/L) so that various applications
may be examined.

testing and optimization capabilities = 21



V:\CompanyS0Qs\BiologicalTreatment\Indd\03Test&OptCapBioTreatment.indd

Carollo's modular 10-gpm ozone skid

efficiently collects data representative of
full-scale processes.

Ozone Contacting

The three ozone contactors are 8 inches in diameter and

8 feet in height. Carollo has specifically designed the columns to
match full-scale ozone contactor hydraulics witha T, to

T ratio in the range of 0.6 to 0.7. Matching full-scale hydraulics is
important for developing proper design criteria for ozone system siz-
ing, and to accurately determine ozone demand and by-product for-
mation, such as bromate or assimilable organic carbon. Fine bubble
diffusers, common in full-scale design practice, provide ozone transfer
within the columns. Multiple sample ports allow detailed analysis
of ozone residual, ozone decay kinetics, and disinfection by-product
formation.

Instrumentation

The gas feed flow rate, the ozone concentration in the gas, and the
water flow rate through the system are continuously monitored. The
transferred ozone dose can be calculated directly by Carollo’s data
acquisition and control (DAC) system or using an on-board program-
mable logic controller (PLC). Ozone residual is monitored at the
effluent of the second ozone contactor, although multiple ports are
available to monitor residuals at other locations.

Ozone Quenching

The skid includes a low-pressure UV reactor (Wedeco-Ideal
Horizons) for quenching ozone in order to avoid carry-over of ozone
residuals to downstream processes.

testing and optimization capabilities = 22
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Name/Education/
Years of Experience

Jess Brown, Ph.D.

BS Civil Engineering,
MS Environmental
Engineering,

PhD Environmental
Engineering

11 Years of Experience

Y
_‘ and Publications

-

Representative Experience

= Designed, constructed, and optimized a bench-scale biologically active carbon
filtration process for the removal of perchlorate and nitrate from drinking water.
Isolated and registered a novel perchlorate-reducing bacterium MLC33, within
the genus Dechloromonas.

= Designed and constructed an aerated membrane bioreactor system involving
submerged membranes as a post-treatment step for hiologically active carbon
filtration.

= Project engineer for a pilot-scale evaluation of biological perchlorate removal
from the Saugus Aquifer (Santa Clarita, California). Authored the associated
fixed-bed biological perchlorate treatment engineering report for the California
Department of Health Services. As a result of this report, Carollo engineers
received Conditional Acceptance of Fixed-Bed Biological Treatment for the
Production of Drinking Water from Perchlorate Contaminated Water.

= Project engineer for a Water Research Foundation project designed to develop
and evaluate innovative treatment technologies to minimize residuals containing
nitrate, perchlorate, and arsenic. The project included a 5-month bench-scale,
biological study to demonstrate the efficacy of using naturally occurring
biological processes to treat perchlorate- and nitrate-laden concentrates at a
wastewater treatment plant.

= Developed the BIOBROX™ process for the biological treatment of oxidant-laden
concentrates. Project manager for a pilot-scale USEPA project investigating
the use of the BIOBROX™ process to treat perchlorate-laden EDR concentrate
(Magna, Utah).

Expertise

< Advanced Water
Treatment

= Biofiltration

= Inorganic
Contaminants

« Pilot- and Bench-Scale
Testing

= Membrane
Bioreactors

< Molecular and culture-
based microbial
ecology

Gil Crozes, Ph.D.

BA Biochemistry,
MS Environmental
Engineering,

PhD Environmental
Engineering

19 Years of Experience

= Project manager for the USEPA Water Research Foundation Project, Advanced
Water Treatment of Estuarine Water Supplies for Improving Water Quality.
The goal of this project is to fill knowledge gaps with respect to treatment of
estuarine supplies using existing and advanced technologies (GAC, PAC, MIEX®
resin, membranes), as well as disinfectant combinations including chlorine,
chloramines, chlorine dioxide, ozone, and UV disinfection.

= Project manager for a year-long pilot study to determine the treatment process
and design criteria for a new 70-mgd plant for the Metropolitan Water District
of Salt Lake City and Sandy, Utah. For this project, three treatment trains were
tested side by side. The third train involved conventional treatment, ozone,
biological filtration and UV.

= Project manager for the predesign studies of a 42-mgd Water Treatment Plant
retrofit for the Weber Basin Water District, UT. This project involved integrated
use of ozone, biologically active filtration and UV.

= Responsible for all the testing leading to process decisions as part of the
Appleton, Wisconsin, 24-mgd Water Treatment Plant project. Conducted a
bench-scale study to evaluate enhanced softening, ozone and activated carbon.

= Project manager for a Water Research Foundation project “Evaluating Biological
Regrowth in Distribution Systems.” The project reviewed all factors affecting
microbial regrowth in the distribution system and proposed actions for control
of regrowth. Special emphasis was given to the various methods available to
measure regrowth potential, including measurement of assimilable organic
carbon (AOC) and biodegradable organic carbon (BDOC).

= Water Chemistry

= Groundwater
Treatment

= Membrane Processes
= Project Management

core team and publications e
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Name/Education/
Years of Experience

Thomas Gillogly, Ph.D.

BS Chemical Engineering,
Engineering and Public
Policy,

MS Civil Engineering,
PhD Environmental
Engineering

18 Years of Experience

S

Representative Experience

= Project engineer or Technical Advisor for three water quality improvements
programs: Sweetwater Authority’s 30-mgd Robert Perdue Water Treatment
Plant, California; Antelope Valley East Kern Water Agency’s 65-mgd Quartz Hill
Water Treatment Plant, California; Elsinore Valley Municipal Water District’s 9-
mgd Canyon Lake Water Treatment Plant. Programs included pilot-scale testing
of biologically active filtration (multi-media support) following intermediate
ozonation to evaluate filter performance and impact on subsequent formation of
chlorination disinfection by-products.

= Technical advisor for a water quality study for Sweetwater Authority’s 30-mgd
Robert Perdue WTP, California. Pilot-scale testing performed at the plant focused
on the influence of enhanced coagulation, biological and abiotic filtration, as well
as the performance of ozonation and ultraviolet disinfection processes.

= Project manager for the Baldwin Park Operable Unit (BPOU) Brine Treatment
and Reuse Pilot Test in La Puente, California. Phase | of this project was
used to develop and characterize a microbial culture capable of degrading
perchlorate and nitrate in brine produced from the Calgon ISEP IX process.
Microbial performance was used to develop full-scale capital, operational, and
maintenance cost estimates for treatment of over
26-mgd of groundwater.

= Project engineer for multiple projects funded by national research organizations.
Two Water Research Foundation projects looked at the application of bioreactor
systems to low-concentration perchlorate contaminated-water. One NWRI
investigated the use of a novel membrane biofilm reactor to treat nitrate,
perchlorate, selenate, chromate, chloroform, trichlorethene, and trichloroethane.

Expertise

= Advanced Water
Treatment

< Disinfectants and
Disinfection
By-Products

= |norganic
Contaminants

« Bench- and Pilot-Scale
Testing

= Regulatory
Compliance

Ronald Joost, PE.
BS Chemical Engineering,
MS Civil/Sanitary

Engineering

30 Years of Experience

= Technical advisor for the planning and design of the 16-mgd (expandable to
32 mgd) Greenway Water Treatment Plant Phase 1, City of Peoria, Arizona.
This facility is the City of Peoria’s first water treatment plant. Phase 1 utilizes
conventional treatment processes in combination with ozonation and biologically
active filtration to address taste and odor.

= Project manager for water treatment plant modifications, City of Arlington,
Texas. Project involved the incorporation of ozone generating and contacting
facilities at the City’s Pierce-Burch and John Kubala water treatment plants. The
filters at both plants were retrofitted with granular-activated carbon media and
air scour capability to facilitate biological activity and the associated removal of
organic material.

= Project manager for the preliminary design of new ozonation generation and
contacting facilities for the Metropolitan Water District of Southern California’s
520-mgd Weymouth Filtration Plant. MWD plans to relocate the initial
chlorination point downstream of the existing filters to facilitate biological
activity.

= Project Management

= Advanced Water
Treatment

= Water Quality
Enhancement

core team and publications e
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Name/Education/
Years of Experience

Graham Juby, Ph.D., PE.

BS Chemical Engineering/
Biomedical Engineering/
Water Utilization
Engineering

PhD Engineering

27 Years of Experience

Representative Experience

= Project manager of a team involved with laboratory and pilot plant studies in
South Africa to investigate the removal of the natural brown color from Cape
waters used for potable purposes, using membrane nanofiltration and ozonation
followed by biologically enhanced activated carbon and sand filters.

= Project engineer for the City of Corona, California, preparation of 30-percent
design for a design/build membrane bioreactor process (Zenon) for 1-mgd Phase
1 of a new wastewater treatment plant.

= Process engineer for the City of Redlands, California, 6.6-mgd Recycled Water
Treatment Facility. The Treatment Alternative Feasibility Study evaluated
granular media filtration versus membrane filtration. The process selected was
membrane filtration. The plant was designed such that part of the aeration
capacity would continue to operate in a conventional activated sludge mode,
while the remainder operates in a membrane bioreactor (MBR) mode.

= Project manager for the evaluation of membrane bioreactor (MBR) technology
as an alternative for expanding the capacity of Plant 3A for the South Orange
County Wastewater Authority, California.

Expertise

= Water Treatment
Design

= Project Management
= Residual Management

Tim Karlstrand

BA Molecular and Cellular
Biology,

MS Civil Engineering

12 Years of Experience

= Thesis work on the bio-reduction of toxic selenium compounds to non-toxic
forms using microbes and plants, both in the laboratory and in-situ, using
constructed wetlands at Chevron’s Richmond Oil Refinery in California. Work
included volatilization experiments to determine selenate and selenite bio-
reduction rates, biochemical analysis of the breakdown pathway, molecular
amplification of the genes responsible for the breakdown, and DNA sequencing
of the genes involved.

= Engineer responsible for the Design/Build procurement of the $35 Million
Mountain House Water Treatment Plant (WTP) Expansion. The new 15-mgd
WTP for this master planned community consists of improvements to the raw
water pump station, new flocculation/sedimentation basins, new GAC filters,
new UV disinfection, new low lift pump station, and new above-ground filter
backwash/sludge drying beds.

= Construction manager for the Palo Alto Phase | Distribution System
Improvements Project. Project included improvements to increase reliability
and water quality during conversion to chloraminated water. Responsibilities
included coordination and monitoring the construction of a new directionally
drilled pipeline under a major thoroughfare, modifications to five booster pump
stations, four reservoirs, three wells, and SCADA system improvements with no
service interruptions.

= Biological
Transformation

= Microbiology/
Molecular Biology
Techniques

= Design/Build
Management

= Construction
Management

Chance Lauderdale

= Master’s thesis work on the “Isolation and characterization of a bacterium
capable of removing taste- and odor-causing 2-methylisoborneol from water.”

= Water Analysis

. = Biological
BS Environmental = Research Assistant for studies involving field applications of in situ remediation Transformation
Engmee'rmg technologies for the Naval Research Laboratory. Studies included GIS-based
ME Environmental modeling and analysis of water quality and nutrient availability.
Engineering
7 Years of Experience
core team and publications < 25
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Name/Education/
Years of Experience

Matthew Marshall, PE.
BS Civil Engineering

31 Years of Experience

Representative Experience

= Project manager for the expansion of Water Treatment Plant No. 3 from 26 to

46 mgd for the Weber Basin Water Conservancy District, Utah. The expansion
included a new chemical feed building and inlet structure, flocculation and
sedimentation basins, biologically active filters, ozone (for taste and odor
control), and ultraviolet light (UV) disinfection.

Project engineer for a water quality predesign information study for the City

of Appleton, Wisconsin, to evaluate alternative processes for control of tastes
and odors, disinfection, and disinfection by-product control for a 24-mgd water
treatment plant to treat Lake Winnebago. The study included an evaluation of
powdered activated carbon, granular activated carbon, ozone, and potassium
permanganate using flavor profile analysis, closed loop-stripping analysis, and
sensory gas chromatography.

Project engineer for design of the treatment processes at the Appleton Water
Treatment Facility in Appleton, Wisconsin. The new plant includes pretreatment
contact basins for powdered activated carbon addition, lime softening, granular
activated carbon contactors, membrane filtration, and high service pumping.

Expertise

= Project Design

= Construction
Management

Adam Zacheis, Ph.D., PE.

BS Civil Engineering,
MS Civil Engineering,
PhD Environmental
Engineering

15 years of experience

Research engineer for the Mesa Consolidated Water District, California,

Colored Water Treatment Facility. Assessed biologically enhanced activated
carbon (BAC) filter performance and testing of treatment system for corrective
measures. Duties included the testing analysis of BAC filter beds through coring
tests. Analysis consisted of biomass quantification, effective size classification,
backwash turbidity profiling, and media washing.

Project engineer for corrective work at the Mesa Consolidated Water District,
California, Colored Water Treatment Facility. Corrective work was based on field-
testing results. Duties included the design of new backwash treatment system
using cloth media technology and selection of a new biologically enhanced
activated carbon (BAC) filter underdrain system. Supervised the retrofit of BAC
filter underdrains and the construction of a new backwash treatment facility.

= Biological Processes
< Pilot Plant Research

= Design of Membrane
Water Treatment
Plants

< Advanced Oxidation
Technologies

core team and publications e
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SELECT BIOLOGICAL PROCESSES PUBLICATIONS - PEER-REVIEWED

1. Brown, J.C., Anderson, R.D., Min, J.H., Boulos, L., Prasifka, D.W.,, and Juby, G.J.G. "Fixed-Bed Biological
Treatment of Perchlorate-Contaminated Drinking Water," Journal of the American Water Works Association,
97(9): 70-81.

2. Brown, J.C., Snoeyink, V.L., Raskin. L.M., and Lin, R. 2003. “Sensitivity of Fixed-Bed Biological Perchlorate
Removal to Changes in Operating Conditions and Water Quality Characteristics.” Water Research, 37(1):
206-214. Selected to the Faculty of 1000 Research Literature List, 2003.

3. Brown, J.C., Snoeyink, V.L., and Kirisits, M.J. 2002. “Removal of Perchlorate at Low pg/L Concentrations by
Sorption and Biological Reduction in an Activated Carbon Filter.” Journal AWWA, 94(2): 70-79. Received the
2003 AWWA Water Science and Research Division Best Paper Award.

4. Lauderdale, C.V,, Aldrich, H.C. and Lindner, A.S. (2004) Isolation and characterization of a bacterium capable of
removing taste- and odor-causing 2-methylisoborneol from water. Water Research 38 (9): 4135-4142.

SELECT PERCHLORATE PUBLICATIONS - REPORTS

1. Min, J,, Boulos, L, Brown, J., Le Gouellec Y., Cornwell, D., Coppola, E., Baxley, S., Rine, J., Hering, J., Vural,
N. “Innovative Treatment Alternatives to Minimize Residuals Containing Nitrate, Perchlorate, and Arsenic.”
AwwaRF Final Report, June 2004.

2. Brown, J.C., Anderson, R.D., Min, J.H., Boulos, L., Juby G.J.G., Prasifka, D., “Fixed-Bed Biological Treatment of
Perchlorate-Contaminated Saugus Aquifer Water.” Engineering Report prepared for the California Department
of Health Services’ Technology Acceptance Program, May 2004.

SELECT BIOLOGICAL PROCESSES PUBLICATIONS/PRESENTATIONS - OTHER

1. Brown, J.C. "Simultaneous Destruction of Multiple Drinking Water Contaminants Using Biological Filtration."
Paper presented at the American Water Works Association Annual Conference and Exposition, San Antonio,
TX, June 11-15, 2006.

2. Brown, J.C., Wheadon, R.D., & Hansen, J. "Biodestruction of Wastewater-Blended Perchlorate Residuals using a
Fixed-Bed Reactor." Paper presented at the American Water Works Association 2005 Water Quality Technology
Conference, Quebec, Canada, November 6-10, 2005.

3. Brown, J.C. "Biological Perchlorate Treatment." Poster presented at the 2005 National Academy of Engineers
Japan-American Frontiers of Engineering Symposium, San Jose, CA, November 3-5, 2005.

4. Brown, J.C., Anderson, R.D., McLean, S.J., Min, J.H., Boulos, L., Prasifka, D.W.,, and Juby, G.J.G. “Effective
Fixed-Bed Biological Treatment of Perchlorate-Laden Groundwater.” Paper presented at the AWWA 2004 Water
Quality Technology Conference, San Antonio, TX, November 14-18, 2004.

5. Brown, J.C., Anderson, R.D., McLean, S.J., Min, J.H., Boulos, L., Prasifka, D.W.,, and Juby, G.J.G. “Pilot-Scale
Fixed-Bed Biological Perchlorate Treatment and Consideration for Full-Scale Implementation.” Paper presented
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Carollo is currently

ranked within Engineering
News Record's top 100 design
firms . . . ENR's annual Source
Book ranks Carollo among the
top 15 firms for water

and wastewater treatment

plant design.
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WATER AND WASTEWATER EXPERTS

Carollo Engineers is an environmental engineering firm specializing
in the planning, design, and construction of water and wastewater
facilities and infrastructure. Carollo’s reputation is based upon client
service, a continual commitment to quality, and technical leadership.

During our 77-year history, Carollo has successfully completed more
than 20,000 projects for public sector clients. Carollo is currently
ranked within Engineering News Record's top 100 design firms. More
importantly, ENR’s annual Source Book ranks Carollo among the
top 10 firms for water and wastewater treatment plant design. Unlike
many of our competitors, Carollo provides only water and wastewater
engineering services.

With our focus on water and wastewater, we recruit nationwide and
hire technical staff who have the extensive background and train-
ing specific to this field. For that reason, the quality and professional
standing of our core group of water and wastewater professionals
equals or exceeds that provided by some of the largest engineering
firms in the U.S.

Resources

Carollo’s staff numbers
more than 600 employees,
including more than 300
o registered engineers. We are
o a full-service water and waste-
water engineering company with

e the experience and qualified

9 B professionals to successfully manage

projects of any size. Our staff includes
9, civil, sanitary, electrical, environmen-
@ tal, mechanical, chemical, structural,
Q)f instrumentation, and corrosion con-
trol engineers, as well as architects,
planners and specialists in other areas. These individuals perform
work solely on water and wastewater related facilities.
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Carollo’s state-of-the-art computer
network allows us to effectively

communicate between offices and
interface with almost any engineering
software on the market today.

Carollo provides only water

and wastewater engineering
services, resulting in a level of
understanding of key project issues

that few can match.

MANAGEMENT PHILOSOPHY

Carollo’s management philosophy and the
success of our company are founded on simple
precepts:

> Seek out, hire, and hold onto the
best people in the business. We recognize
that the most critical element for a suc-
cessful project is the project team. Carollo
aggressively recruits the top candidates from
the leading engineering schools across the
country. Ve train and mentor these engineers
to become the next generation of leaders for
Carollo and the industry. This long-term com-
mitment to developing excellent engineers has
resulted in a depth of talent unmatched by other
consulting firms.

» Specialize in the planning, design and construction manage-
ment of water and wastewater projects. This is our business. Our
success hinges solely upon our ability to provide responsive service
to our municipal clients.

» Commit our partners to an active role in every project. This
provides our clients with top management interest, clear account-
ability, responsiveness, and talent—and helps to ensure that the
necessary staff and resources are committed to each assignment.

» Focus on client service. Carollo knows the value of listening to
our clients and recognizes that successful projects result from the
combined expertise of our staff and the client’s staff. This
commitment to understanding client needs and valuing their
input is one of the cornerstones of Carollo’s success.

LEADERS IN WATER ENGINEERING

Carollo has provided design and construction management services
for over 100 water treatment plants with a total capacity of more
than 3.5 billion gallons per day, more than 1,000 miles of water
pipeline ranging in size from 6 to 108 inches in diameter, and over
100 water pumping stations with capacities as high as 600 mgd. We
have recently completed or are performing ongoing water projects for
many of the country’s major municipalities or special districts. A few
examples of Carollo’s achievements include:

» Conceiving and developing the custom design approach for low-
pressure membrane water treatment plant design. Carollo devel-
oped our own custom, nonproprietary, non-packaged pilot plant
unit, which has been successfully tested in Kansas City, MO.
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Our client list includes the following:

>
>
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City of Phoenix, AZ

East Bay Municipal Utility
District, Oakland, CA

Metropolitan Water District of
Southern California

Sacramento Regional County
Sanitation District, CA

City of San Diego, CA

City and County of San
Francisco, CA

City of Sacramento, CA
Denver Water Department, CO
City of Minneapolis, MN
Kansas City, MO

City of St. Louis, MO

City of Las Vegas, NV

Southern Nevada Water
Authority, NV

City of Arlington, TX
City of Austin, TX

Upper Trinity Regional Water
District, TX

Engineering the fast-paced design/build expansion of the Palm
Coast, FL, reverse osmosis (RO) water treatment plant from

3.2 t0 9.6 mgd. Carollo completed preliminary design and
obtained all permits just eight weeks after beginning work to help
facilitate successful completion of this project in just 15 months.

Conducting the first U.S. testing and evaluation of electrodialysis
reversal (EDR) for perchlorate treatment.

Achieving leadership in ultraviolet (UV) disinfection, first for
wastewater applications in the western United States and now

for UV drinking water applications. Carollo was the primary
author of the USEPA UV Disinfection Guidance manual. We also
developed and operate the world's largest UV validation facility in
Portland, OR.

Designing the preozonation and intermediate ozonation at two
water treatment facilities for the City of Arlington, TX, using our
computational fluid dynamic (CFD) modeling to optimize ozone
contactor design. Carollo also conducted a joint research project
with various utilities in the Phoenix, AZ, area to evaluate ozonation
and biological filtration to meet long-term finished water quality
goals, leading to design and construction of ozonation facilities in
Gilbert and Peoria, AZ.

Designing, in a joint venture, the world’s largest ozone generation
system at a water treatment facility in Las Vegas, NV.

FORMULA FOR SUCCESS

Much of our success as an industry leader is based on our ability to
offer advanced solutions that are practical, affordable, and reliable.

Wk strive to maximize the use of existing infrastruc-
ture whenever possible, promote environmental
conservation, and make the best technologies avail-
able at a competitive cost.

A major factor in maintaining Carollo's ability to
integrate new technology is the Carollo Water
Research Group (CWRG). The relationship between
our design engineers and the CWRG is unique in
the industry and serves as a company-wide resource
for evaluating water quality and treatability data,
performing pilot studies, developing design criteria,

Carollo designed the 624-mgd Alfred Merritt
Smith Water Treatment Plant ozone contactor
for the Southern Nevada Water Authority. It is

the world's largest ozone system at a water

treatment facility.
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tailoring design solutions to water quality issues, and
addressing regulatory compliance concerns.
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Our firm takes pride in the large number of clients with whom we
have maintained continuing working relationships. We have worked
with some clients for more than 70 years—a clear indication of the
quality of our work, our control of costs, and our ability to meet
schedules. This dedication to quality has resulted in a long list of suc-

cessful projects and satisfied s Hlemene

clients, some of which are | T
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Representative Water Treatment Projects

Client/Project

Southern Nevada Water Authority, Las Vegas, Nevada - Southern 624 | ® ° ol ol e
Nevada Water System Improvements Project
City of Phoenix, Arizona - Val Vista Water Treatment Plant 220 | © e (o | o
City of Phoenix, Arizona - Union Hills Water Treatment Plant 160 | ® e | o | o©
City of Sacramento, California - E.A. Fairbairn Water Treatment Plant | 160 | ® e | o | o
City of Sacramento, California - Sacramento River Water Treatment 160 | ® el ol e
Plant

Metropolitan Water District of Salt Lake City and Sandy, Utah - Point

of the Mountain Water Treatment Plant 150 ¢ 0|0 0 0o
City of Oklahoma City, Oklahoma - Draper Water Treatment Plant 150 | ® o | o | o0
East Bay Municipal Utility District, California - Walnut Creek Water 120 | ® ol oleo!le
Treatment Plant

Santa Clara Valley Water District, California - Santa Teresa Water 100 | ® ° ° °
Treatment Plant

Santa Clara Valley Water District, California - Rinconada Water 75| o ° ® °
Treatment Plant

City of Arlington, Texas - Pierce-Burch Water Treatment Plant 68| ® [ o ()
City of Arlington, Texas - John F Kubala Water Treatment Plant 65| ® [ (] (]
Santa Clara Valley Water District, California - Penitencia Water 2 e ® ° °
Treatment Plant

City of Vallejo, California - Fleming Hill Water Treatment Plant 42| @ { e (o | o
Town of Gilbert, Arizona - Gilbert Water Treatment Plant 0| @ [ ° (]
City of Peoria, Arizona - Greenway Water Treatment Plant 6| @ [ e | o | o
Upper Trinity Regional Water District, Texas - Tom Harpool Water 16 o | o ° °
Treatment Plant

Brazos River Authority, Texas - Brazos River Authority Water

15 ) () (]

Treatment Plant

City of Lake Forest, Illinois - Lake Forest Water Treatment Plant 14 ( oo | o
City of Neenah, Wisconsin - Neenah Water Treatment Plant 12| @ [ I ) ®
United Water Missouri - United Water Missouri Treatment Plant 8 (] ®
City of South Bend, Washington - South Bend Water Treatment Plant 2 (] (] ®
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