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Representative Projects - 
Carollo Research Group
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Project Elements

Project/Client
Bench/Pilot Study for LA Aqueduct Filtration Plant; Los Angeles Dept. of 
Water and Power

l l l l

Advanced Water Treatment of Estuarine Supplies; Water Research 
Foundation/EPA

l l l

Assessment of Low-Pressure Membrane Integrity Monitoring Tools; Water 
Research Foundation

l l

Two-Phase Anaerobic Digestion Research Projects; Du Page County, IL 
and City of Phoenix, AZ

l l l

Perchlorate Treatment Project; Castaic Lake Water Agency l l

Point of the Mountain Pilot Study; Metropolitan Water District of Salt 
Lake and Sandy

l l l l

Practical Aspects of UV Disinfection/Inactivation of Pathogens; Water 
Research Foundation

l l l

Integrating Membrane Treatment in Large Water Utilities; Water Research 
Foundation

l l

IMANS® Process Evaluation Study; Orange County Sanitation District l

Public Perceptions of Tap Water and Bottled Water; Water Research 
Foundation

l l

Lake Pleasant Water Quality Study and Pilot Testing; City of Phoenix, AZ l l l l

Distribution System Water Quality/Formation and Decay of DBPs; Water 
Research Foundation

l

Innovative Treatment Alternatives to Minimize Residuals Containing 
Nitrate, Perchlorate, and Arsenic; Water Research Foundation

l l

Desalination Product Water Recovery and Concentrate Volume 
Minimization/Water Research Foundation

l l

Reverse Osmosis Demonstration Project; Jordan Valley Water 
Conservancy District

l l l

UV Disinfection Guidance Manual; U.S. Environmental Protection 
Agency

l l

Investigation of Regional Solutions for Disposing of Concentrate, 
WateReuse Foundation (Joint Water Reuse Task Force)

l l l
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LOS ANGELES DEPARTMENT OF WATER AND POWER, LOS ANGELES, CA

Bench and Pilot Study for Los Angeles Aqueduct 
Filtration Plant

Carollo performed bench-scale and pilot-scale tests to evaluate process 
improvements for the 600-mgd Los Angeles Aqueduct Filtration Plant. 
The plant treats water from two sources, the Los Angeles Aqueduct and 
the West Branch of California State Project Water. A third source, the 
East Branch of California State Project Water, will be added in the near 
future. The plant employs high rate direct filtration and pre-ozonation to 
treat the water. However, treatment issues including arsenic, disinfection 
by-products, and turbidity must be addressed as a result of new regula-
tions and an increased reliance on State Project Water. 

Historically the plant has relied upon consistently low turbidity water 
from the Los Angeles Aqueduct. In fact, ferric chloride coagulant doses 
at the plant are as low as 1 to 1.5 mg/L. However, with the new arsenic 
regulation reducing the maximum contaminant level (MCL) from 50 to 
10 µg/L, and changing raw water quality, the plant is facing new treat-
ment challenges. 

Carollo evaluated enhanced coagulation to address these challenges. 
Carollo tested enhanced coagulation under various conditions to evalu-
ate the impact on finished water quality. Also, future raw water blends 

will be higher in organics and turbidity, and as a result 
Carollo evaluated disinfection by-product precursor removal 
efficiency. Six blends of the three source waters were tested to 
address typical raw water conditions and worst-case scenarios 
for arsenic, bromide, turbidity, and total organic carbon. 
Bromide in the State Project Water sources can result in 
bromate formation upon ozonation, so various methods of 
bromate control were also tested. Carollo incorporated the 
results of the study into a preliminary design for new facilities 
at the plant. 

The Los Angeles Aqueduct has been a major 
source of supply for the Los Angeles Aqueduct 

Filtration Plant, but higher demands will 
require increased use of State Project Water.

Bench and pilot study to 
develop design criteria for 
modifications to 600-mgd 

plant.

Implementation of process 
changes to address arsenic 

reduction to meet new 
regulation.

Bromate control alternatives 
analysis to address 

increasing raw water 
bromide levels.

H
 I 

G
 H

 L
 I 

G
 H

 T
 S

Carollo evaluated treatment alternatives at the Los Angeles 
Aqueduct Filtration Plant to address increasing raw water 

arsenic, bromide, and organic matter concentrations.
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WATER RESEARCH FOUNDATION  
AND U.S. ENVIRONMENTAL PROTECTION AGENCY 

Advanced Water Treatment of Estuarine Water 
Supplies for Improving Water Quality

Estuarine waters (fresh waters under tidal influence) are an important 
source of drinking water for millions of people living along the U.S. 
coasts. Estuarine water quality is a function of freshwater inflows, tidal 
fluctuations, algal activity, and anthropogenic activity (e.g., wastewater 
discharges). These waters pose a number of treatment challenges, includ-
ing salt and bromide intrusions from seawater, as well as the presence of 
disinfection by-product (DBP) precursors, and deteriorating water quality 
due to continuing population growth along the coasts. 

In this project, Carollo is performing bench- and pilot-scale studies to fill 
in knowledge gaps with respect to treatment of estuarine supplies using 
existing and advanced technologies, as well as disinfectant combinations. 
The aim is to identify treatment schema that meet current and future 
drinking water regulations as well as other water quality goals.

Carollo is investigating additive and synergistic effects of multiple disinfec-
tants/oxidants including chlorine, chloramines, chlorine dioxide, ozone, 
and UV disinfection. The goal of this testing is to determine optimum 
disinfectant(s) combinations with the objective of limiting disinfection 
by-product formation. Pilot testing includes (enhanced) coagulation, 
powdered activated carbon, granular activated carbon, MIEX® resin, and 
low-pressure membranes, in conjunction with disinfectants. Carollo is also 
evaluating the impact of these treatment combinations on water quality in 

the distribution system, such as microbial regrowth and nitrifica-
tion, using bench-scale annular reactors.

Carollo is determining threshold levels of source water quality 
and disinfection requirements above which optimization, retrofits, 
or installation of advanced technologies may be required. The 
project includes recommendations on the levels of treatment 

necessary to achieve the 
regulatory horizon targets. 
Carollo is also developing 
a comparative cost analysis 
for the proposed solutions, 
including operations require-
ments.

Additive and synergistic 
effects of multiple oxidants 
are being evaluated by 
Carollo in bench- and pilot-
scale tests, with the goal of 
minimizing DBP formation.

Investigating advanced 
treatment technologies and 
disinfectant combinations 

for estuarine supplies.

Determining additive 
and synergistic effects 

of multiple disinfectants/
oxidants.

Treatment technologies 
include enhanced 

coagulation, powdered 
activated carbon, granular 
activated carbon, MIEX® 
resin, and membranes.
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Carollo is investigating synergistic effects 
of multiple disinfectants, including UV, 

to optimize pathogen inactivation for 
estuarine waters.
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WATER RESEARCH FOUNDATION, DENVER, CO

Carollo tested various 
integrity monitoring 

methods at six full-scale 
membrane plants in the 

U.S. and Europe.

Assessment and Development of Low-Pressure 
Membrane Integrity Monitoring Tools

Carollo conducted a research project addressing membrane integ-
rity monitoring tools for low-pressure membrane processes including 
microfiltration and ultrafiltration. The objective of this research project 
was to critically assess existing methods for measuring the integrity of 
low-pressure membranes, and to investigate advancing and/or developing 
new methods.

In this project, a literature review and an international survey were 
implemented to broadly document the state-of-the-art of integrity meth-
ods. Six different types of membrane systems at participating U.S. and 
international facilities were included for full-scale testing and assessment 
of various integrity monitoring methods. Full-scale microbial challenge 
tests were performed at selected utilities to validate the methods and 
to correlate the method signal with actual microbial passage. Hydraulic 
modeling was performed and validated to extend the results to evaluate a 
broader range of conditions.

This project provided important input to regulators in establishing appro-
priate requirements for the type and frequency of membrane integrity 
monitoring required for full-scale membrane plants.

International survey 
documenting existing state-

of-the-art techniques. 

Testing and optimization of 
integrity monitoring systems 

at 6 full-scale membrane 
plants.

Study provided input to 
regulators for establishing 

integrity monitoring 
programs.
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WATER RESEARCH FOUNDATION, DENVER, CO

Practical Aspects of UV Disinfection/Inactivation of 
Pathogens by Innovative UV Technologies

Carollo completed two Water Research Foundation projects which 
address UV disinfection of drinking water. The first was a Tailored Col-
laboration entitled “Practical Aspects of UV Disinfection.” This was the 
first funded research project in the U.S. to address the practical imple-
mentation issues associated with applying UV disinfection to surface 
water supplies. In this research, Carollo conducted 1-year pilot studies 
on four UV reactors. Pilot studies involved collecting and analyzing 
water quality data, monitoring UV reactor performance, and conducting 
challenge tests using MS2 phage, and a challenge study on one of the 
systems using live Cryptosporidium. Carollo used the results to provide 
cost estimates for full-scale implementation of UV disinfection.

Carollo was also the co-principal investigator on the research team 
conducting the Water Research Foundation project “Inactivation of 
Pathogens by Innovative UV Technologies.” With a budget of well over 
$1.0 million, this project represented the most comprehensive evaluation 
of UV disinfection for drinking water performed to date. In that project 
Carollo completed 1-year pilot studies on five UV reactors at five loca-
tions across the U.S. Carollo analyzed data from these studies and used 
the results to develop design concepts for two representative treatment 
facilities.

For two important Water 
Research Foundation-

funded studies, Carollo 
conducted a total of two 

years of pilot-scale UV 
reactor tests. UV dose 

delivery was determined 
using dose-response 

curves developed with 
the collimated beam 

apparatus.

Total of nine UV reactors 
tested in pilot studies over  

2 years.

Comprehensive evaluations 
addressing practical 

implementation of UV at 
surface water plants.

Pilot data used to develop 
cost estimates and 
conceptual designs.
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Wedeco Series K reactors in Helsinki, 
Finland. Carollo tested pilot-scale Wedeco 

UV reactors on U.S. surface waters in these 
Water Research Foundation-funded studies.
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ORANGE COUNTY SANITATION DISTRICT, ORANGE COUNTY, CA

IMANS® Process Evaluation Study

The Orange County Water District and the Orange County Sanita-
tion District have formed a Groundwater Replenishment System Joint 
Committee. That committee approved a Carollo proposal to evaluate an 
integrated treatment process using membranes and anaerobic processes 
to treat wastewater and produce a high quality effluent, for recharge into 
the Orange County Groundwater Basin.

Carollo developed this process scheme to treat primary wastewater 
effluent and produce a water quality that exceeds the California Title 22 
requirements for water reuse. The treatment train involves a 2-step mem-
brane process integrated with a high-rate anaerobic digestion step, called 
the IMANS® process. Primary effluent is treated by microfiltration in a 
non-biological step, followed by reverse osmosis to produce a high quality 
water for reuse or groundwater injection.

Carollo conducted an 18-month pilot test that demonstrated the 
technical feasibility of this treatment approach. Carollo also provided 
turnkey services to proceed with further testing of the process on the 
demonstration scale. Carollo designed, procured, and installed a 0.3-
mgd microfiltration plant. Carollo operated the plant and conducted 
the testing that confirmed the performance observed at the pilot-scale. 
Carollo completed a second phase of this project to optimize process 
performance. 

Carollo provided 
turn-key services to 

design, build, and 
operate a 0.3 mgd 

microfiltration plant to 
evaluate treatment of 

primary effluent.

Novel integrated treatment 
process using membranes 

and anaerobic processes to 
treat wastewater.

Treated water exceeds 
California Title 22 

requirements.

Pilot and demonstration-
scale testing performed 
to evaluate and optimize 

performance.

H
 I 

G
 H

 L
 I 

G
 H

 T
 S



a
p

p
li

e
d

 
r

e
s

e
a

r
c

h 

V:\CompanySOQs\GeneralWtr&WWSOQ\Sections\12AppliedResearch\AppResearch.indd-205 9/28/09

water RESEARCH FOUNDATION, DENVER, CO

Public Perceptions of Tap Water and Bottled Water

In an effort to better understand consumer drivers for purchasing tap 
water alternatives, Carollo completed two Water Research Foundation 
projects investigating customer perceptions of tap water quality and 
bottled and filtered water use. One project focused on identifying the rea-
sons underlying the decisions to use alternative approaches to tap water 
through surveying customers in twelve target markets across the United 
States. The second project focused on understanding public perception 
about chlorinous descriptors and how this effects an individual’s decision 
to use tap water alternatives. This project was conducted by surveying 
customers in seven target markets, measuring customer threshold sensi-
tivity to free and combined chlorine, and investigating the effect of water 
quality on perception of chlorinous flavors. Utility managers were also 
surveyed on their perceptions of their customers’ perceptions.

One important finding of the study was that in order to become com-
petitive in an increasingly open drinking water market, it is critical for 
utilities to not only maintain high standards of drinking water quality but 
also to develop and execute programs that efficiently educate the public 
on matters concerning tap water quality. Examples of proactive measures 
that utilities can implement range from simple participation in com-

munity events to formal “media 
teams” established to brief local 
new media during emergencies 
or pertinent current events. By 
realigning their views, utilities 
will be better equipped to meet 
their customers’ needs and suc-
cessfully serve them in an effort 
to maintain a stronger customer 
following.

Carollo developed and implemented 
a taste testing procedure to 
determine consumer threshold 
chlorine sensitivities in seven target 
markets across the U.S. 

Comprehensive national 
survey to determine 

perceptions of tap and 
bottled waters.

Comparison of perceptions 
of utility managers and 

customers.

Customer threshold 
sensitivity to residual 

chlorine determined for 
seven target markets.
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CITY OF PHOENIX, AZ

Lake Pleasant Water Quality Study and Pilot Testing

Population growth in northern Phoenix required additional water 
treatment capacity to meet ever-growing water demands. Carollo has 
completed a multi-phase study to determine the best method for provid-
ing treated water to this area of Phoenix. Since the water sources for the 
proposed Lake Pleasant Water Treatment Plant will be Lake Pleasant 
Water and Colorado River Water from the Central Arizona Project 
(CAP) Canal, Carollo evaluated the water quality characteristics for 
these two sources. Carollo also established finished water quality goals for 
the proposed plant, and evaluated treatment process technologies relative 
to their ability to meet these stringent water quality goals.

This study was conducted in two phases. A phased approach was devel-
oped involving both bench- and pilot-scale investigations to determine 
those treatment technologies with the greatest potential to consistently 
and economically meet the water quality goals for the proposed new 
plant. In the 18-month pilot study Carollo operated eight different pilot 
trains at two different sites in the Phoenix Valley. Carollo designed and 
delivered the pilot plant equipment, and operated the pilots throughout 
the study.

This milestone project not only devel-
oped effective treatment options for 
the new Lake Pleasant water source, 
also allowed Phoenix to research new 
technologies applicable to the Colo-
rado River Water that can provide 
enhanced drinking water quality 
within the competitive and regulatory 
constraints that all municipalities 
face today.

 

Carollo performed pilot testing of conventional 
treatment, with various advanced processes 

downstream, on Central Arizona Project water. 
Carollo evaluated the data to determine process 

feasibility and to develop cost estimates for 
treatment alternatives for the new 70-mgd Lake 

Pleasant Water Treatment Plant.

Pilot testing of 8 treatment 
trains at 2 locations. 

Comprehensive raw water 
quality characterization 

program. 

Study selected processes 
and developed design 

criteria for new plant with 
ultimate capacity of  

320 mgd. 
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