Equipment First,

Plant Design Second
When opting for
small-footprint
technologies,
utilities should
select the treatment equipment

I

n response to the need for high-quality, reusable effluent and small-footprint
options, several new treatment technologies — membrane bioreactors (MBRs),
integrated fixed film activated sludge (IFAS) systems, and moving bed biofilm reactors (MBBRs) — are gaining popularity. However, each technology varies greatly
from vendor to vendor, so it is no longer cost-effective or appropriate for equipment

selection to be part of the overall project bid.
The specialized equipment required for MBR, IFAS, MBBR, or tertiary membrane processes

first to minimize often is a significant percentage of a project’s total construction and operations and maintenance
overall project (O&M) costs. Satisfactory equipment performance is also critical for project success. So, owners
costs

are interested in the suppliers’ qualifications and experience, as well as some form of competitive
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procurement or price negotiation.
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Under the traditional design–bid–build approach, several preliminary designs would be necessary just to account for variations offered by vendors of only one of these technologies. Utilities
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are better served by choosing a treatment technology, selecting an appropriate vendor, and then
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commissioning a design based on that vendor’s equipment.
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Equipment Procurement Options
Several strategies can be used to preselect
equipment:
• sole source,
• early procurement based on capital cost,
• early procurement based on life-cycle costs,
• qualifications-based selection with subsequent price negotiations, or
• a combination of weighted qualifications and
financial criteria.
Sole source. An organization typically solesources equipment when it either is trying to match
existing equipment or prefers a specific manufacturer based on preliminary evaluations. While
this is the simplest procurement option, many
municipalities are precluded from sole-sourcing
equipment by ordinances, guidelines, or funding
restrictions (such as federal grants) requiring competitive bidding.
Early procurement based on capital cost.
This procurement method involves developing
a specification that defines the equipment requirements and notes which manufacturers meet
these qualifications. The specified manufacturers
then are allowed to bid on the job, and the owner
chooses the one with the lowest capital cost.
Although this method guarantees the lowest
construction cost, it may not give the owner the

best project cost because it does not address ongoing O&M costs. The owner could end up with
an expensive system to operate.
Early procurement based on life-cycle costs.
Choosing equipment based on life-cycle costs
allows owners to evaluate both capital and
O&M costs, such as chemicals, power, cleaning frequency (if applicable), and equipment
replacement. This procurement method basically requires manufacturers to specify their
equipment’s capital costs and O&M parameters,
and the owner chooses the one with the lowest
total-present-worth cost.
Unfortunately, this method does not protect
owners from aggressively bid O&M parameters.
The manufacturer could be held responsible for aggressive bidding by penalties based on performance
testing, but some parameters (such as equipment
life span) are difficult to test and others (such as
cleaning frequency) may require a year or more of
operation to validate. Also, the operating conditions
at startup rarely resemble the design operating conditions, so the O&M values in the bid can be difficult
to validate. And because this equipment varies so
much among vendors, once it is installed, the owner
cannot easily replace it with another system if the
O&M values in the bid are incorrect.
Owners have two alternatives to protect them-
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IFAS equipment
is vendorspecific. The
AnoxKaldnes
equipment
shown here was
installed in the
Dry Creek Water
Reclamation
Facility in
Cheyenne, Wyo.
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price negotiations. Another procurement method
is to select the equipment based solely on qualifications and negotiate price afterward. This method
involves a bidding document that identifies which
parameters are most important to the owner and
weights them. It typically is used by owners concerned with getting a manufacturer with proven
ability to provide similar successful systems. Once
a manufacturer is chosen, the owner then negotiates a price for the equipment.

Case Studies
The following three case studies illustrate the
necessity and complexity of prebidding equipment. The equipment procurement method
should be chosen based on project-specific
needs and owner preference.
Yucaipa, Calif. In Yucaipa, the project team
decided to use IFAS technology to expand the
Henry N. Wochholz Wastewater Treatment Plant’s
capacity from 15,100 to 30,300 m3/d (4 to 8 mgd)
and reduce effluent total inorganic nitrogen to
6 mg/L. The existing facility had three primary
clarifiers, three trickling filters for carbon removal, three activated sludge basins for nitrification,
three final clarifiers, and two up-flow denitrification filters. The plan was to convert the existing
activated sludge aeration basins into IFAS basins,
add a fourth IFAS basin and clarifier, and modify
two trickling filters to function as pre-anoxic basins for denitrification.
After deciding to use IFAS technology, the
project team then narrowed the accepted IFAS
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Some integrated fixed-film
activated sludge
(IFAS) systems
use cylindrical
screens (left) to
keep media in the
aeration basin,
while others
use flat screens
(right).

selves from aggressively bid O&M parameters.
One alternative is to require manufacturers to
provide documentation from comparable existing installations that substantiate the bid values.
However, many of the small-footprint technologies, such as MBRs, are relatively new and changing rapidly. At press time, the oldest MBR installation in the United States was less than 10 years
old, and changes in membrane technology have
already made it outdated and unrepresentative
of current equipment. Even membranes installed
5 years ago already have been superseded by
new and improved models. Also, many of these
manufacturers recently entered the U.S. market
and have little local operating experience or
large-scale applications of their technologies.
MBR facilities larger than 18,900 m3/d (5 mgd),
for example, have only been built in the past few
years and little long-term operating data is available to validate bid values. The same is true for
IFAS technology; the oldest U.S. facility has only
been in service for 3 years, so specific operating
conditions, such as simultaneous nitrification–denitrification (SND), required residual oxygen
levels, and long-term O&M requirements, are not
well-documented.
The second alternative is a two-phase strategy
for validating O&M bidding parameters. In Phase
1, the owner invites qualified vendors to participate in a pilot program. In Phase 2, the owner
procures the equipment that best meets the bid
specifications.
Qualifications-based selection with subsequent
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In Yucaipa, Calif.,
the project team
compared two
integrated fixedfilm activated
sludge (IFAS)
systems: one with
AnoxKaldnes K1,
K2, K3, and biofilm chips (left);
and one with
LinPor sponges
(right).
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media suppliers down to two: Figure 1. Proposed AnoxKaldnes Basin Configuration
AnoxKaldnes (Providence,
R.I.) and LinPor®, marketed by
Lotepro Environmental Systems
and Services (Peekskill, N.Y.).
AnoxKaldnes’ plastic media has
a specific gravity of 0.96; its K1,
K2, and K3 media are shaped
like small cylinders; and its biofilm chip is a flat wafer. The
LinPor media are highly porous
cubes made from a synthetic
foam. While both systems would
require four aeration basins and
coarse-bubble aeration, their basin configurations and equipment requirements
the media. Screens are installed in each reactor.
differed as follows.
The LinPor system uses an airlift pump to
Nitrogen control. A conventional modified
recycle media from the back to the front of the
Lutzak-Ettenger (MLE) process could not meet
basin, which eliminates the need for multiple rethe stringent nitrogen limit. So, the AnoxKaldnes
actors and multiple sets of screens. The recycling
process included a pre-anoxic zone, a post-anoxic
process also helps control the biofilm thickness
zone, methanol addition, and a 400% mixed-liquor
in the media.
recycle stream (see Figure 1, above). Because of
Aeration requirements. AnoxKaldnes recomsite constraints, the post-anoxic reactor in each
mends operating with dissolved oxygen conaeration basin had to be put behind the aerobic
centrations between 2 and 4 mg/L — especially
section housing the plastic media. Between the
in the first reactor — to optimize nitrification in
last set of media screens and the post-anoxic
the biomass on the media. Conversely, LinPor
zone, a portion of aerobic zone effluent will be
recommends a dissolved oxygen of 2 mg/L or less
to maximize SND and minimize the mixed-liquor
recycled back to the pre-anoxic zone, where influent carbon will be used to denitrify most of the
recycle flow requirements.
nitrates in the wastewater.
To determine which system would best meet
The LinPor process design provides significant
the project’s needs, the team analyzed the lifeSND in the sponge media (see Figure 2, below).
cycle costs of each process, scaling from 15,100
Biological modeling of the system indicated that
to 30,300 m3/d (4 to 8 mgd) over 20 years. Capital
at least 10% SND was required to preclude the
costs included IFAS equipment, blowers, postneed for a post-anoxic zone and methanol addianoxic mixing equipment, structural changes
tion. Historical data from operating facilities (one
to existing basins, additional structural requirein the United States and the rest in Europe) indiments for the new basin, and chemical feed syscated the potential for 50% to 80% SND. However,
tems. O&M costs included aeration power, mixto be conservative, SND was
limited to a maximum of 40% for
Figure 2. Proposed LinPor Basin Configuration
the Wochholz design.
Media containment. The
AnoxKaldnes process uses horizontal cylindrical screens to keep
the media in the system. Because
the screens are horizontal, the
aeration system provides enough
scouring to keep them clean.
The LinPor system uses flat
screens at the end of the basin.
The flat screens require an air knife
to minimize media accumulation.
Car rier management. The
AnoxKaldnes system uses multiple reactors in series to contain
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LinPor’s integrated
fixed-film activated
sludge (IFAS) system includes a
foam return and
discharge process.

ing power for post-anoxic zones, nitrified MLSS
recycle pumping power, media pumping power,
and chemical usage. Fixed costs were inserted for
equipment outside the IFAS manufacturers’ scope
of service and for manufacturer-specific structural modifications. For example, the AnoxKaldnes
option required additional submersible mixers
and methanol feed equipment because of the
post-denitrification zone. To account for the differences in blower size due to different aeration
requirements, the team developed a structural
and equipment cost per annual average cubic
foot per minute. Recycle pumping costs were tied
to a manufacturer-guaranteed level of SND.
The project team developed manufacturerspecific procurement documents to identify IFAS
equipment requirements, aeration equipment requirements, and related details. To minimize the potential for aggressive bidding, penalty clauses were
included for aeration, chemical use, and recycle
pumping power. The winning bid then was inserted
into the overall project bidding documents.
Scottsdale, Ariz. In Scottsdale, the project team
used a two-phase life-cycle procurement method
to choose a membrane filtration system for its new
113,600-m3/d (30-mgd) Chaparral Water Treatment
Plant (see Figure 3, below). The team began by is-

suing a Request for Statements of Interest to nine
membrane suppliers. The request included specific requirements for participation and a detailed
questionnaire to be completed by each interested
supplier. To participate, a supplier had to
• have supplied similar membrane systems
to at least two plants (3800 m3/d [1 mgd] or
larger), and the systems had to have been
operating for at least 1 year;
• propose a system that either had received
Surface Water Treatment Rule pathogen-removal credits in any state or could satisfy
city staff that it would receive local approval
after the pilot study;
• propose a system that would be compatible
with the proposed process, based on jar 		
tests;
• be NSF 61 approved;
• be able to provide timely phone and onsite
support for the pilot systems; and
• be able to manufacture and install a full-scale
plant in a timely manner.
Eight membrane suppliers submitted a
Statement of Interest and a system questionnaire.
The project team invited the four most qualified
to participate in a 6-month pilot test. Afterward,
each successful supplier was allowed to submit

Figure 3. Artistic Rendering of Chaparral Water Treatment Plant in Scottsdale, Ariz.
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Figure 4. Artistic Rendering of Peoria, Ariz., Butler Drive Water

procurement bids according to deReclamation Facility
tailed technical specifications. The
team evaluated the bids based on
life-cycle costs — both initial capital
costs and long-term operating costs
based on parameters established
during pilot testing. The pilot tests
allowed the team to realistically limit
the suppliers’ operational claims to
known parameters and to base the
detailed design documents on the
winner’s equipment. After completing
the general contract documents, the
team assigned the membrane system
Below are the four key criteria in the request for
procurement contract to the general
contractor.
qualifications and their associated points.
• Corporate/financial stability (10 points). The
While time-consuming, the two-phase procuremanufacturers had to submit detailed
ment approach has the following advantages:
descriptions of their ownership structure,
• The project team controls the evaluation
financial statements, and bonding capacriteria and selection process.
bilities. They also had to disclose any bank• Pilot testing allows close observation and
ruptcies within the previous 5 years, as well
scrutiny by team members and regulators.
as
lawsuits or performance penalties within
• Detailed procurement specifications ensure
the previous 10 years.
that the owner gets the desired product
• Experience (50 points). The manufacturquality and features.
ers had to submit information on similar
• The chosen membrane system provides 		
installations inside and outside the United
the best overall value and performance for
States.
the owner.
•
Demonstration of successful installation (25
• The membrane system supplier has detailed
points). The manufacturers had to answer
engineering input into the project.
detailed questionnaires outlining design 		
• The plant design is customized and optimand O&M information for at least three North
ized for the chosen process.
	American installations that had been in
• Fewer changes in cost and schedule occur
service for at least 2 years.
during construction.
•
Equipment service, support, and maintenance
Peoria, Ariz. Peoria used a qualifications-based
capabilities (15 points). The manufacturers
process to select membrane equipment for its
Butler Drive Water Reclamation Facility. This MBR
had to submit data on their service and 		
maintenance agreements, startup and trainplant was designed for an initial average annual
3
ing capabilities, availability of service staff
daily flow of 38,000 m /d (10 mgd) and a peak day
3
and spare parts, and ongoing support
flow of 76,000 m /d (20 mgd). The plant’s ultimate
3
programs.
capacity will be 49,200 m /d (13 mgd) with a peak
3
day flow of 98,400 m /d (26 mgd). The plan was
The project team analyzed each Statement
to provide superior effluent quality for aquifer
of Qualifications and selected a supplier. The
recharge and a “good neighbor” design (odor
team then met with the supplier to negotiate the
control, noise control, and aesthetically pleasing
scope and price of the equipment. The supplier
architecture; see Figure 4, above). The facility is
also was asked to submit costs and scopes of
expected to include fine screens, nitrogen control,
recent, similar equipment contracts as a basis of
and ultraviolet light disinfection. Solids will be decomparison for its proposed price.
watered via centrifuges and landfilled.
The project team used qualifications-based seCindy Wallis-Lage is chief of the water technollection criteria to ensure that the chosen membrane
ogy group, Terry Johnson, Ph.D., is chief of global
supplier was familiar with membranes used to treat
practices, and Baneeta Sabherwal is a wastewamunicipal wastewater. The request for qualificater process specialist in the Kansas City, Mo., office
tions was presented to several leading membrane
of Black & Veatch (Overland Park, Kan.). Brad
suppliers. It identified the project scope, agreement
Hemken is a project director in the Phoenix office
terms, evaluation criteria, and scoring system.
of Black & Veatch.
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