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Tapping the ocean for potable water via 
seawater desalination is gaining popularity. 
However, it can only be used where the 
associated regulatory, ecological, and public 
relations challenges can be overcome. 
Of the three components of seawater 
desalination (intake, treatment, and 
concentrate discharge), intake location 
and design is often the most challenging 
aspect of the system. The applicability 
of different intake types depends upon 
siting options, geology, local ecology, cost, 
regulations, and stakeholder considerations. 
Implementing ocean desalination requires 
a broad, integrated view of the hurdles 
and impacts associated with each intake 
type as all the elements of the decision 
process are interrelated (Figure 1). The 
goal of the Water Research Foundation 
project, Assessing Seawater Intake Systems for 
Desalination Plants (in press), was to capture 
the state-of-the-science in seawater intake 
design and provide guidance for using this 
information to inform the intake planning 
and design process.

Intake Selection Encompasses 
Consideration of Multiple Issues
Selecting the appropriate technologies 
for developing a seawater supply 
typically involves considering a variety 
of information from several sources to 
determine feasibility. These include:

Technology options.•	
Permitting requirements.•	
Environmental impacts.•	
Stakeholder values.•	
Utility constraints and interests.•	

Technology Options
Ocean intakes cover a diverse range of 
technical options. Described simply:

Open intakes•	  are intake pipes placed 
above the sea floor. These are the most 
common types of intakes for large  
(>10 mgd) plants. 
Subsurface intakes•	  are composed of 
buried pipes and/or wells dug beneath 
the shoreline or ocean floor (vertical, 
horizontal, slant or directionally drilled 
wells, and intake galleries). Seawater is 
drawn through the subsurface into the 
intake pipe. 
Co-location with an existing intake•	  
uses an existing intake or outfall from 
another facility (almost always a power 

plant).

Each option is best-suited to specific 
types of subsurface geologies 

and has associated positive 
and negative impacts on the 
local environmental and 
aesthetic values. To date, 
wells are the most common 
type of intake in use.

Permitting Requirements
Permitting ocean intakes 
is highly complex. It 

involves consideration  
of the environmental and  

social impacts of the structure 
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Welcome to the Fall 
2010 issue of Research 
Solutions. Please enjoy 
the enclosed articles 

covering a variety of important issues: 

Desal Intake Selection.•	  Intake location 
and design can be the most challenging 
aspect of a seawater desalination 
system. This article describes an intake 
guidance and planning tool that 
factors technology options, permitting, 
environmental impacts, stakeholder 
values, and utility constraints and 
interests. 
Sewer Condition Assessment.•	  This 
article highlights how a bench-top study 
can be used to establish appropriate 
funding allocation for sewer condition 
assessments. The efficiency of this 
approach is essential in a period of 
critically aged infrastructure and 
diminished funding availability. 
Wastewater Sedimentation Modeling. •	
A custom solids settling model was 
incorporated into a computational 
fluid dynamics (CFD) model to more 
accurately simulate clarifier flow and 
solids distribution. Consequently, 
optimized designs for new facilities can 
be developed and capacities of existing 
clarifiers can be maximized. 
The Artemis Project. •	 As one of several 
expert judges, Carollo is reviewing 
hundreds of start-up technologies 
to identify the most innovative and 
promising processes that will provide the 
next generation of water treatment. 
Biological Drinking Water Treatment. •	
Carollo continues to lead the industry 
in the development, application, and 
implementation of innovative biological 
drinking water treatment processes. 
Related webcasts, poster competitions, 
and tailored collaboration research 
projects are summarized in this article.
Water Reuse Filtration.•	  In the spirit of 
doing more for less, this article discusses 
validation testing for a novel wastewater 
disk filter that can meet California 
Title 22 reuse turbidity requirements at 
hydraulic loading rates up to 16 gpm/ft2.

I hope you find something useful in these 
articles. Do not hesitate to contact the 
primary authors or me directly for further 
discussion.

Siting
OptionsRegulations

Cost

Environmental
Impacts

Desired Feed
Water Quality Regional

Priorities

Stakeholder
Values

Intake Design
Options

Figure 1. Selecting an ocean intake design is complex.
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and requires numerous State and Federal 
permits (e.g., Section 316(b) of the Clean 
Water Act, the California Coastal Act, 
Section 10 Approval for Construction 
within Navigable Waters, Section 401 and 
Section 404 Dredge and Fill Permits) and 
almost as many regulatory agencies.

Environmental Impacts
Both the construction and operation of 
intake structures can adversely impact the 
environment. The operational impacts of 
impingement and entrainment are often 
of greatest concern. Ocean intakes use 
screens to block large objects (e.g., fish) 
from entering the cooling water system 
(impingement). Fish and other aquatic 
organisms, whether large enough to be 
blocked by the screens or not, may become 
entrained (i.e., trapped) if the intake 
velocity exceeds their ability to move away.

Stakeholder Values
Stakeholder involvement is an important 
component of many water and wastewater 
public agency decisions. This is clearly 
evident in the process of siting an ocean 
intake where, for example, coastal watchdog 
groups may look suspiciously at any project 
that could negatively impact the marine 
environment.

Utility Constraints and Interests
Simply put, not every agency that wants 
to implement seawater desalination will 
be able to do so. Limitations on funding, 
adverse (hydro)geologic conditions, 
inability to efficiently overcome stakeholder 
challenges, or simply the lack of a proper 
site can derail the most enthusiastic 
desalination effort.

A Decision Tool Links Information 
to Implementation
A report that simply summarizes and 
collates the “state-of-the-science” in intake 
planning and design provides only half the 
picture. Busy utility managers, regulators, 
consultants, etc. new to this topic need an 
organizational framework to more efficiently 
use this information. The essential planning 
elements, technical limitations, and 
controlling parameters identified in the 
state-of-the-science work was used to guide 
the development of a decision framework 
for assessing the relative feasibility and 
merits of different intake design options for 
a given scenario. The decision process is 
broken into three major steps:

Part 1: Define the Options.•	  The 
user first describes the design scenario 
(system capacity, potential location(s), 
and cost factors). Then the range 
of technical options is identified for 
each location type selected (e.g., a 
cliff installation precludes a vertical 
well). Finally, the user is encouraged 
to identify the stakeholders and their 
respective concerns that will influence 
the decision-making process.

Part 2: Evaluate the Options.•	  The user 
then evaluates the technical, permitting, 
cost, and stakeholder issues associated 
with each technically feasible option. 
Part 3: Compare the Options.•	  Those 
options not eliminated in Part 2 are 
graded with user-specified weighting 
values and their relative ranks are 
calculated.

Automation Facilitates Use
This “Desalination Intake Decision Tool” 
was turned into the Microsoft® Access 
program DesalIntakeTool.mdb (Figure 2). 
It walks the user step-by-step (tab-by-
tab) through the evaluation process. 
It is assumed that the user has already 
determined the volume of feed water the 
process will need and the types of locations  
(s)he wants to consider. The user is 
prompted to answer a series of questions. 
Most queries have “Note” sections where 
the user can document his/her assumptions 
as desired. Users are referred to sections 
of the state-of-the-science report for more 
information throughout the tool. 

Closing
The report and Tool give public agencies a 
straightforward interactive tool to: analyze 
their own situation, identify areas where 
more information may be needed, and 
weigh the benefits of desalination versus the 
effort of implementing an ocean intake. It 
should be noted that this tool is intended 
to facilitate the planning process; it is not 
intended to replace a detailed Pre-design 
and/or Master Plan. 

This work was funded by the Water 
Research Foundation and California 
Department of Water Resources.

Ocean intake planning and design 
is a complicated process that 
involves multiple disciplines and 
numerous stakeholders. This 
decision methodology provides an 
easy-to-navigate picture of how to 
approach and manage the planning 
and decision-making process.

Figure 2. The Microsoft® Access-based Desalination Intake Decision Tool walks the user through the seawater intake evaluation process.
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Using a Bench-top Study to Prioritize Funds for Sanitary Sewer Condition Assessments:
The City of Santa Clara Trimble Road Trunk Sewer Project

Sewer (Trunk Sewer). The City, located 
in the middle of Silicon Valley in the San 
Francisco Bay Area of Northern California, 
owns and operates approximately 277 miles 
of sanitary sewer collection pipelines.

The Trunk Sewer is a critical component of 
the City’s wastewater collection system. It 
consists of more than 13,000 linear feet 
of gravity pipeline ranging from 33 to  
48 inches in diameter, with 49 manholes 
(MHs) and 5 siphons ranging from 15 to  
24 inches in diameter. Pipe materials 
include both lined and unlined reinforced 
concrete pipe (RCP), ductile iron pipe 
(DIP), and Techite pipe material. The 
original Trunk Sewer was constructed in 
1948, with major portions replaced in 1972 
(Techite), 1979 (unlined RCP), and 2001 
(lined RCP). Carollo initiated a bench-top 
study by gathering and reviewing existing 
City information and data sets, including 
as-built drawings, construction records, 
previous studies, and flow-monitoring data. 

The bench-top study provided valuable 
insight into the areas of the system most 
likely to experience corrosion. This 
information was used to help tailor the 
field inspections to focus on areas with the 
greatest potential for corrosion. 

Based on the information provided, a risk 
analysis was performed on the entire Trunk 
Sewer. Risk scores were assigned based on 
an analysis of criticality and vulnerability. 
Criticality scores were a function of repair 
costs, loss of service impacts, health and 
safety impacts, and environmental impacts. 
Vulnerability scores were a function of age, 
pipe material, pipe slope, history of failure, 
seismic zones, traffic impacts, and soil 
corrosivity. The project team calculated risk 
scores for each pipe segment based upon the 
available information. The bench-top study 
provided three key items:

Potential areas of greatest concern.1.	
Most likely field conditions.2.	
Most appropriate field inspection 3.	
technologies.

A geographical information system (GIS) 
map was developed to graphically present 
this information to the City.

Field Investigation
The next phase of the project was the 
implementation of the field investigation. 
The field investigation included hydrogen 
sulfide (H2S) monitoring, MH inspections, 
and internal pipeline inspection.

Hydrogen Sulfide Monitoring
Eight MHs were selected for H2S 
monitoring, and testing was conducted over 
a 7-day period. Grab samples were taken 
by field staff and by an automated sampler. 
OdaLog Gas Loggers were used to monitor 
H2S levels.

Results from the grab samples revealed that 
the dissolved sulfides in the wastewater 
ranged from 0.3 to 2.1 parts per million 
(ppm). Average MH temperatures during 
sampling ranged from 76 to 82°F. These 
data revealed a significant increase in H2S 
concentration at the two MHs closest to 
the San Jose interceptor, where the Trunk 
Sewer discharge is located. It was also found 
that during normal daily operation, MH 
79-3 saw levels of H2S that were higher 
than the OdaLog data collector could 
record (> 250 ppm). During times of low 
flow, the concentration of H2S at  
MH 79-3 would drop to near normal 
levels, while the level in the downstream 
MH, MH 79-13 (between MH 79-3 and 
the interceptor), would spike. It was later 
discovered that these very high H2S levels 
were caused by downstream surcharging 
during peak dry-weather flows.

Manhole Inspections
Confined space entry inspections were 
completed on all 49 MHs and junction 
structures associated with the Trunk Sewer. 
Each MH inspection involved concrete 
penetration tests, removal of concrete core 
samples for pH analysis, wastewater grab 
samples, measurement of sediment levels, 
and photographs to document the MH 
condition and its influent and effluent pipe 
connections.

Several of the MHs inspected were found 
to have severe corrosion. Six of the seven 
MHs at the northeast end of the pipeline 
(just prior to discharging into the San Jose 
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As our wastewater 
infrastructure continues to age, the 
importance of maintaining and replacing 
these facilities increases. But with pipe 
rehabilitation and replacement costs on the 
rise, it can be a challenge for utility owners 
to acquire the necessary funds not only to 
assess where this work is most needed but 
to determine what type of maintenance is 
required. Through the use of a bench-top 
study, Carollo developed a unique strategy 
for prioritizing the available funds for the 
condition assessment of a pipeline to better 
identify the areas most needing repair.

By Tim Taylor, P.E. 
(ttaylor@carollo.com), 
Brian Avon, P.E., and 
Andy Dettmer, Ph.D.

A bench-top study has two key steps prior 
to initiating field investigations:

Gather and evaluate existing facility 1.	
information from its many different 
sources into one control data bank.
Use that information to identify the 2.	
most efficient use of available funds.

In developing projects of this nature, the 
typical work plan approach is no longer 
a cost-effective solution. Historically, the 
typical work plan has taken the approach 
shown in Option A in Figure 1. A bench-
top study approach (Option B) optimizes 
the typical work plan by taking into account 
the limited availability of funds.

Using this cost-effective, optimized 
approach, a condition assessment was 

performed for the City of Santa 
Clara (City) on the 
Trimble Road Trunk 

interceptor) were in very poor condition 
and had severely corroded reinforcement. 
Of the 90 pH samples taken, 77 had a pH 
below 6.5, indicating the concrete in the 
majority of these MHs was experiencing 
moderate to severe corrosion.

Internal Pipe Inspections
The Trunk Sewer contains intermediate 
access points spaced no more then 525 feet 
apart to assist in internal pipe inspections. 
Based on the MH inspections and the 
bench-top study, it was estimated that 
inspectors may see water depths at 25 to 
30 percent of pipe diameter during low-
flow conditions. Traditional Closed Circuit 
Television (CCTV) inspection technology 
is limited to approximately 2,000 linear 
feet and is capable of recording pipe defects 
only above the flow line. With this in mind, 
the project team determined that the best 
time to accomplish detailed internal pipe 
inspections with CCTV was during low-flow 
conditions (midnight to 8:00 am).

The CCTV inspections revealed several 
pipe segments with lining failures, 
exposed aggregate, and insufficient slopes. 
Condition ratings were developed for each 
pipe segment using NASSCO’s Pipeline 
Assessment and Certification Program 
(PACP) coding system on a scale ranging 
from 1 (excellent) to 5 (very poor). These 
condition grades were presented to the City 
on a GIS map and provided an overall view 
of the condition of the Trunk Sewer.

Conclusions
The project team correlated the expected 
conditions from the bench-top study 
with the actual conditions from the field 
investigations to determine the accuracy of 
the bench-top evaluation. The bench-top 
study identified approximately  
9,300 linear feet of moderate- to high-
corrosion potential in the interceptor, 
whereas the field investigation confirmed 
6,800 linear feet of actual corrosion. As 
a result, the field investigation validated 
73 percent of the bench-top study. This 
confirms that this methodology can be 
implemented to effectively prioritize 
available funds for field investigations. This 
allows field inspections of low-risk areas to 
be postponed in favor of inspecting high-
risk areas as time and budget allow.

Identify
Known Areas

Provide
Recommendations

Review Existing
Information

Identify Areas of
Greatest Concern

(Top Left) The original alignment of the Trunk Sewer was routed around expanded facilities, such as the airport, creating longer segments resulting in flatter slopes and increased detention 
times. (Top Middle) Low-, medium-, and high-corrosion potential was assigned to each segment based on the bench-top study. (Top Right) The field investigation validated the bench-top 
study by confirming the corrosion present in the system.

Figure 1. The typical work plan approach is no longer a cost-effective solution for sewer 
condition assessment. The typical work plan (Option A) does not take into account the 
limited availability of funds that a bench-top study approach (Option B) does.

Inspect All
Facilities

Review
Information

Provide
Recommendations

Option A: Typical Work Plan Approach

Option B: Optimized (Bench-top Study) Work Plan Approach

O&M

Record
Drawings

Hydraulic
Analysis
Hydraulic
Analysis

Risk Assignment

Figure 2. Filtering through the existing 
information, a “risk” score was assigned to 
each pipe segment prior to conducting any 
field investigations.
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Modeling Sedimentation in  
Three-Dimensional Flows
The capacity of wastewater 
treatment is often limited by a 
system’s ability to settle solids in 
clarifiers or sedimentation tanks. 
Analysis of sedimentation has 
been greatly advanced through use of 
computational fluid dynamics (CFD) 
models. CFD can simulate both the 
turbulent flow conditions from the inlet 
energy interaction with the vessel geometry, 
as well as the sedimentation, flocculation, 
and compression processes that take place 
in these vessels. Both public-domain and 
proprietary models are available for analysis 
of these systems. Unfortunately, the public- 
domain models are necessarily limited to a 
range of pre-defined geometries and flows in 
only one or two dimensions.

Carollo has developed 
and implemented 
customized user 
sub-models for 
sedimentation 

incorporated into Fluent, the general-
purpose CFD software package used 
at Carollo. The advantage of this 
approach over public-domain models is 
that sophisticated Fluent tools for grid 
generation and flow visualization can be 
used to configure models of any geometry. 
A model can be developed in three 
dimensions to evaluate complex inlet and 
outlet geometries, as well as complex tank 
geometries, like radial-flow and square 
(“squircle”) clarifiers that cannot be 

adequately modeled in two dimensions. 
The advantage of using user-defined 
submodels for settling velocity, rather than 
the standard multi-phase models provided 
with the commercial CFD packages, is that 
there is ample data for calibration of system-
specific settling velocity-based models, 
while general multi-phase models are based 
on an assumed constant particle size, which 
is unrealistic for wastewater flows.

This custom sedimentation model has been 
applied to a range of problems, including 
the effectiveness of lamella sedimentation 
plates in a proposed rectangular secondary 
clarifier, as shown on the left in Figure 1.  
The Fluent user functions have been 
employed to successfully model inlet 
energy distribution baffling in several 
circular secondary sedimentation tanks 
with different feed well geometries. The 
image on the right in Figure 1 shows an 
example. This model has also been applied 
to other complex problems, including the 
spatial variability of sludge blanked depth 
in a square clarifier with peripheral feed 
and withdrawal system, which reduces 
tank efficiency. In all of these studies, 
complex geometries were modeled in three 
dimensions to capture a more realistic 
picture of the flow and solids distribution 
patterns occurring in these tanks.

Using a custom solids settling model 
incorporated into a commercial CFD 
package allows for accurate simulation of 
complex inlet and outlet tank geometries 
and incorporation of the latest research on 
sedimentation. This allows us to develop 
optimized solutions for new facilities, as 
well as to maximize the capacity of existing 
clarifiers.

PROJECTUPDATES

KEY Team Members
Ed Wicklein, P.E. 
(ewicklein@carollo.com) 
Randal Samstag, P.E.

Figure 1. (Above) Sediment 
concentration and three-dimensional flow 
path streamtraces in a lamella clarifier. 
(Right) Solids concentration profile in a 
section through a circular clarifier.

Endocrine disrupting compounds, low level 
nutrients, metals, and pathogens are a few 
of the many rising concerns (and tightening 
regulations) that the water, wastewater, and 
reuse industries must face. Conventional 
technologies can reduce these problems 
to some extent, but there is a need for 
technology innovation to provide higher 
levels of treatment at reasonable costs.

As part of the Carollo Research Group’s 
continued effort to find better solutions, 

we donate our time to the 
annual Artemis Project Top 50 
Water Companies Competition 
(www.theartemisproject.com). 
As one of several expert judges, our 
researchers sort through hundreds of start-
up technologies to find the Top 50 most 
innovative and promising systems. For 
2010, the Top 50 list included innovative 
desalination technologies, new control 
and monitoring systems, alternative small- 
package treatment plants, power recovery 

Carollo Is Finding the Next Generation of Water Treatment Technologies

KEY Team Member
Andrew Salveson, P.E. 
(asalveson@carollo.com)

systems, biological 
innovations, pipeline 
monitoring, and 
many other intriguing 

solutions. While some of these systems are 
not yet ready for “prime time” and need 
further proving, many have immediate 
potential for implementation. 

Let us know if innovation sparks your 
interest. We would be happy to talk 
with you about the latest and greatest 
technologies.
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Webcast Discusses New Paradigm for 
Biofiltration
On October 12, the Water Research 
Foundation (WaterRF) hosted a webcast 
highlighting a Tailored Collaboration 
with the City of Arlington, TX, and 
Carollo. Chance Lauderdale and Jess 
Brown (both with Carollo) presented 
the results of this work, which identified 
methods for enhancing conventional 
biofiltration performance by focusing on 
microbial health. The primary goal of this 
work was to establish a basis for moving 
biofiltration from a passive process designed 
and operated only around conventional 
filtration objectives, to an intentionally 
operated biological process (i.e., “engineered 
biofiltration”). WaterRF subscribers can 
listen to the archived webcast at  
www.WaterRF.org. Details of the project 
will be available in the final project report, 
which should be published in 2011. 

Follow-up Tailored Collaboration Project 
Awarded
Engineered biofiltration will be investigated 
further as part of a recently awarded 
WaterRF Tailored Collaboration with 
Carollo, Dallas Water Utilities (DWU), 
Tampa Bay Water (TBW), ITT Leopold, 
and Veolia Water. Other project team 
members include the University of 
Michigan, the City of Arlington, TX, 
and Total Environmental Solutions. A 
14-month pilot study at DWU and TBW 
will investigate process fundamentals (e.g., 

microbial ecology, bacterial 
metabolism, contaminant 
removal mechanisms) to 
validate and identify new 
methods to: 1) achieve  
greater removal efficiencies  
for multiple contaminants,  
2) minimize and remove 
biofilter clogging, and  
3) improve overall process 
robustness.

Posters Receive Honors
Chance and Jess took 1st 
place in the poster session 
at the 2010 International 
Water Association 
(IWA) Leading Edge 
Technology Conference 
(Phoenix, AZ). The 
poster, titled “Low-Level 
Phosphorus Supplementation 
Enhances Biofiltration 
Hydraulic Performance and 
Treatment Efficiency,” describes engineered 
biofiltration concepts developed during 
the WaterRF/City of Arlington Tailored 
Collaboration. Jess, Jack Safely (Western 
Municipal Water District), and Patrick 
Carlson (Carollo) were awarded 3rd place 

What’s New in Biological Drinking 
Water Treatment at Carollo

KEY Team Members
Jess Brown, Ph.D., P.E. 
(jbrown@carollo.com) 
Chance Lauderdale, P.E.
(clauderdale@carollo.com)

at the 2010 IWA/WEF Biofilm Reactor 
Technology Conference (Portland, OR) 
for their poster on efficient, fixed-bed 
biological nitrate removal from groundwater 
at Western Municipal Water District’s 
Arlington Desalter treatment facility.

As the demand for water reuse 
increases in the U.S., so does the 
need for new energy-efficient and 
cost-effective technologies that can 
meet performance and regulatory 
requirements within a small 
footprint. Flux plays a critical role 
in the performance and cost of tertiary 
filtration technologies. In the past, low 
hydraulic loading rates were considered 
to result in the best treatment, but at the 
highest cost. For reuse applications in 
California, conventional granular media 
and disk filtration technologies are limited 

to hydraulic 
loading rates of 
5 and 6 gpm/ft2, 
respectively.

The Ultrascreen® 
(a high-rate 

disk filter) was introduced to the U.S. in 
April 2006 by Nova Water Technologies 
as an innovative approach to applying 
disk filters for tertiary treatment (U.S. 
Patent No. 6,500,331). Preliminary results 
from the pilot testing conducted by Nova 
Water Technologies indicated that the 

Ultrascreen® could produce an effluent with 
a turbidity of < 2 NTU, while operating at 
a hydraulic loading rate of up to 16 gpm/
ft2. This loading rate is more than 3 times 
and 2½ times higher than the allowable 
maximum hydraulic loading rates at which 
granular media and conventional disk 
filters, respectively, are allowed to operate 
for Title 22 reuse applications in California.

The Ultrascreen® (see photo on next page) 
is an inside-out surface filtration system that 
consists of continuously rotating disk 

Validation Pilot Testing of a High-Rate Disk Filter for Water Reuse Applications

KEY Team Members
Keith Bourgeous, Ph.D., P.E. 
(kbourgeous@carollo.com) 
Jennifer Stokke, Ph.D. 
Nicola Fontaine, Ph.D. 
Kathy Marks, P.E.

Continued on page 8

Chance Lauderdale and Jess Brown took  
1st place in the poster session at the 2010 

International Water Association Leading Edge Technology 
Conference.

WHAT’SNEW
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Modeling Sedimentation in  
Three-Dimensional Flows
The capacity of wastewater 
treatment is often limited by a 
system’s ability to settle solids in 
clarifiers or sedimentation tanks. 
Analysis of sedimentation has 
been greatly advanced through use of 
computational fluid dynamics (CFD) 
models. CFD can simulate both the 
turbulent flow conditions from the inlet 
energy interaction with the vessel geometry, 
as well as the sedimentation, flocculation, 
and compression processes that take place 
in these vessels. Both public-domain and 
proprietary models are available for analysis 
of these systems. Unfortunately, the public- 
domain models are necessarily limited to a 
range of pre-defined geometries and flows in 
only one or two dimensions.

Carollo has developed 
and implemented 
customized user 
sub-models for 
sedimentation 

incorporated into Fluent, the general-
purpose CFD software package used 
at Carollo. The advantage of this 
approach over public-domain models is 
that sophisticated Fluent tools for grid 
generation and flow visualization can be 
used to configure models of any geometry. 
A model can be developed in three 
dimensions to evaluate complex inlet and 
outlet geometries, as well as complex tank 
geometries, like radial-flow and square 
(“squircle”) clarifiers that cannot be 

adequately modeled in two dimensions. 
The advantage of using user-defined 
submodels for settling velocity, rather than 
the standard multi-phase models provided 
with the commercial CFD packages, is that 
there is ample data for calibration of system-
specific settling velocity-based models, 
while general multi-phase models are based 
on an assumed constant particle size, which 
is unrealistic for wastewater flows.

This custom sedimentation model has been 
applied to a range of problems, including 
the effectiveness of lamella sedimentation 
plates in a proposed rectangular secondary 
clarifier, as shown on the left in Figure 1.  
The Fluent user functions have been 
employed to successfully model inlet 
energy distribution baffling in several 
circular secondary sedimentation tanks 
with different feed well geometries. The 
image on the right in Figure 1 shows an 
example. This model has also been applied 
to other complex problems, including the 
spatial variability of sludge blanked depth 
in a square clarifier with peripheral feed 
and withdrawal system, which reduces 
tank efficiency. In all of these studies, 
complex geometries were modeled in three 
dimensions to capture a more realistic 
picture of the flow and solids distribution 
patterns occurring in these tanks.

Using a custom solids settling model 
incorporated into a commercial CFD 
package allows for accurate simulation of 
complex inlet and outlet tank geometries 
and incorporation of the latest research on 
sedimentation. This allows us to develop 
optimized solutions for new facilities, as 
well as to maximize the capacity of existing 
clarifiers.

PROJECTUPDATES

KEY Team Members
Ed Wicklein, P.E. 
(ewicklein@carollo.com) 
Randal Samstag, P.E.

Figure 1. (Above) Sediment 
concentration and three-dimensional flow 
path streamtraces in a lamella clarifier. 
(Right) Solids concentration profile in a 
section through a circular clarifier.

Endocrine disrupting compounds, low level 
nutrients, metals, and pathogens are a few 
of the many rising concerns (and tightening 
regulations) that the water, wastewater, and 
reuse industries must face. Conventional 
technologies can reduce these problems 
to some extent, but there is a need for 
technology innovation to provide higher 
levels of treatment at reasonable costs.

As part of the Carollo Research Group’s 
continued effort to find better solutions, 

we donate our time to the 
annual Artemis Project Top 50 
Water Companies Competition 
(www.theartemisproject.com). 
As one of several expert judges, our 
researchers sort through hundreds of start-
up technologies to find the Top 50 most 
innovative and promising systems. For 
2010, the Top 50 list included innovative 
desalination technologies, new control 
and monitoring systems, alternative small- 
package treatment plants, power recovery 

Carollo Is Finding the Next Generation of Water Treatment Technologies

KEY Team Member
Andrew Salveson, P.E. 
(asalveson@carollo.com)

systems, biological 
innovations, pipeline 
monitoring, and 
many other intriguing 

solutions. While some of these systems are 
not yet ready for “prime time” and need 
further proving, many have immediate 
potential for implementation. 

Let us know if innovation sparks your 
interest. We would be happy to talk 
with you about the latest and greatest 
technologies.
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Webcast Discusses New Paradigm for 
Biofiltration
On October 12, the Water Research 
Foundation (WaterRF) hosted a webcast 
highlighting a Tailored Collaboration 
with the City of Arlington, TX, and 
Carollo. Chance Lauderdale and Jess 
Brown (both with Carollo) presented 
the results of this work, which identified 
methods for enhancing conventional 
biofiltration performance by focusing on 
microbial health. The primary goal of this 
work was to establish a basis for moving 
biofiltration from a passive process designed 
and operated only around conventional 
filtration objectives, to an intentionally 
operated biological process (i.e., “engineered 
biofiltration”). WaterRF subscribers can 
listen to the archived webcast at  
www.WaterRF.org. Details of the project 
will be available in the final project report, 
which should be published in 2011. 

Follow-up Tailored Collaboration Project 
Awarded
Engineered biofiltration will be investigated 
further as part of a recently awarded 
WaterRF Tailored Collaboration with 
Carollo, Dallas Water Utilities (DWU), 
Tampa Bay Water (TBW), ITT Leopold, 
and Veolia Water. Other project team 
members include the University of 
Michigan, the City of Arlington, TX, 
and Total Environmental Solutions. A 
14-month pilot study at DWU and TBW 
will investigate process fundamentals (e.g., 

microbial ecology, bacterial 
metabolism, contaminant 
removal mechanisms) to 
validate and identify new 
methods to: 1) achieve  
greater removal efficiencies  
for multiple contaminants,  
2) minimize and remove 
biofilter clogging, and  
3) improve overall process 
robustness.

Posters Receive Honors
Chance and Jess took 1st 
place in the poster session 
at the 2010 International 
Water Association 
(IWA) Leading Edge 
Technology Conference 
(Phoenix, AZ). The 
poster, titled “Low-Level 
Phosphorus Supplementation 
Enhances Biofiltration 
Hydraulic Performance and 
Treatment Efficiency,” describes engineered 
biofiltration concepts developed during 
the WaterRF/City of Arlington Tailored 
Collaboration. Jess, Jack Safely (Western 
Municipal Water District), and Patrick 
Carlson (Carollo) were awarded 3rd place 

What’s New in Biological Drinking 
Water Treatment at Carollo

KEY Team Members
Jess Brown, Ph.D., P.E. 
(jbrown@carollo.com) 
Chance Lauderdale, P.E.
(clauderdale@carollo.com)

at the 2010 IWA/WEF Biofilm Reactor 
Technology Conference (Portland, OR) 
for their poster on efficient, fixed-bed 
biological nitrate removal from groundwater 
at Western Municipal Water District’s 
Arlington Desalter treatment facility.

As the demand for water reuse 
increases in the U.S., so does the 
need for new energy-efficient and 
cost-effective technologies that can 
meet performance and regulatory 
requirements within a small 
footprint. Flux plays a critical role 
in the performance and cost of tertiary 
filtration technologies. In the past, low 
hydraulic loading rates were considered 
to result in the best treatment, but at the 
highest cost. For reuse applications in 
California, conventional granular media 
and disk filtration technologies are limited 

to hydraulic 
loading rates of 
5 and 6 gpm/ft2, 
respectively.

The Ultrascreen® 
(a high-rate 

disk filter) was introduced to the U.S. in 
April 2006 by Nova Water Technologies 
as an innovative approach to applying 
disk filters for tertiary treatment (U.S. 
Patent No. 6,500,331). Preliminary results 
from the pilot testing conducted by Nova 
Water Technologies indicated that the 

Ultrascreen® could produce an effluent with 
a turbidity of < 2 NTU, while operating at 
a hydraulic loading rate of up to 16 gpm/
ft2. This loading rate is more than 3 times 
and 2½ times higher than the allowable 
maximum hydraulic loading rates at which 
granular media and conventional disk 
filters, respectively, are allowed to operate 
for Title 22 reuse applications in California.

The Ultrascreen® (see photo on next page) 
is an inside-out surface filtration system that 
consists of continuously rotating disk 

Validation Pilot Testing of a High-Rate Disk Filter for Water Reuse Applications

KEY Team Members
Keith Bourgeous, Ph.D., P.E. 
(kbourgeous@carollo.com) 
Jennifer Stokke, Ph.D. 
Nicola Fontaine, Ph.D. 
Kathy Marks, P.E.

Continued on page 8

Chance Lauderdale and Jess Brown took  
1st place in the poster session at the 2010 

International Water Association Leading Edge Technology 
Conference.

WHAT’SNEW
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filters made of woven stainless 
steel mesh. The influent flow is 
directed into the center “inside” 
the disk and flows “out” through 
the filter mesh to the effluent 
outlet. The disk continuously 
rotates throughout the filtration 
cycle as the filtration mesh is fed 
at angles of less than 90 degrees 
to achieve “dynamic tangential 
filtration.” The disk of the 
Ultrascreen® is made of AISI 
316 stainless steel micronic 
screen mesh with a 20-µm 
pore size (see photo above). 
Unlike other disk filtration 
technologies, the effluent side 
of the filter is not partially submerged 
and free filtrate discharge occurs with the 
Ultrascreen®.

To validate the performance of the 
Ultrascreen® filter for water reuse 
applications, Nova Water Technologies 
contracted with Carollo to conduct 
validation testing on the Nova Ultrascreen® 
to determine if the filter could satisfy the 
California Title 22 recycled water turbidity 
limit while operating at a hydraulic loading 
rate of up to 16 gpm/ft2.

Tests were conducted to demonstrate 
compliance with the California Title 22 
water recycling turbidity criteria. The  
Title 22 performance testing was conducted 
at the Orange County Utilities South 
Water Reclamation Facility (SWRF) and 

Validation Pilot Testing
WHAT’SNEW

Bridging the Gap

Commentary -
Using a Decision Tool to Facilitate 
Evaluation of Intake Options for 
Seawater Desalination Plants

Feature Story -
Using a Bench-top Study to  
Prioritize Funds for Sanitary  
Sewer Condition Assessments

Project Updates

What’s New

In this Issue

2

6

6

4

2

the Northwest Water Reclamation Facility 
(NWRF), in the Orlando, FL, area. A 
series of tests were conducted at each 
plant during which the Ultrascreen® was 
operated at hydraulic loading rates ranging 
from 6 to 16 gpm/ft2. At the SWRF and the 
NWRF the performance of the Ultrascreen® 
filter at these elevated loading rates was 
compared to a full-scale AquaDisk® cloth 
media disk filter, and continuous backwash 
filters, respectively, that were being used 
to produce recycled water for unrestricted 
reuse applications in Florida. From the 
testing that was conducted at the two water 
reclamation plants it was determined that:

The Ultrascreen•	 ® filter could meet 
the Title 22 turbidity requirements of 
2 NTU while operating at hydraulic 
loading rates ranging from 6 to  
16 gpm/ft2.
Turbidity removal achieved by the •	
Ultrascreen® filter while operating at 
hydraulic loading rates of 3 to 6 times 
greater than the full-scale AquaDisk® 
and continuous backwash filters was 
found to be similar to the removals 
achieved by the full-scale filters.

These results confirm that the Nova 
Ultrascreen® is a viable filtration option 
that can be considered when trying to “do 
more for less” in the production of recycled 
water for unrestricted reuse applications. 
Site-specific pilot testing should be 
conducted to determine if this technology 
meets the needs of your plant.

Continued from page 7

Researchers tested this Ultrascreen® filter 
unit during the validation pilot testing.

The Ultrascreen® media filter panel segments are made of 
AISI 316 stainless steel micronic screen mesh.


