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1. Summary

Reverse osmosis (RO) and nanofiltration (NF) technologies are becoming more popular
as treatment processes to meet the water supply and quality needs of the drinking water
industry as more reliance is placed on the use of impaired waters. Historically, RO and
NF systems have used standardized 8-inch diameter by 40-inch long elements (8040).
Use of 8040 elements has been recognized as constraining cost-competitive RO/NF
designs for larger capacity plants. Recent cost and pilot studies conducted by the
Metropolitan Water District (MWD) of Southern California have shown that the use of
larger diameter elements (diameters of 16 inches or greater) can significantly reduce the
capital cost of RO facilities.

A consortium of RO/NF membrane element manufacturers (Consortium) undertook this
project to select a diameter greater than 8 inches that will become the new standard
element size for use in large capacity RO/NF facilities. By working together in a
cooperative arrangement, the Consortium’s primary objective was to identify a large
diameter element standard that would preserve element interchangeability and
competitive procurement while reducing the capital and operating costs of large capacity
RO/NF systems. The project encompassed discussion and consensus on the standard
itself, but did not include development or discussion of products or design of products.
Anti-trust guidelines were strictly enforced throughout all project discussions and
meetings. Project facilitation was provided by Metcalf and Eddy, Inc. to ensure the
group held closely to the project objectives and anti-trust restrictions throughout the
project life.

The Consortium is composed of the following membrane element manufacturers:

. FilmTec Corporation

. Hydranautics

. Toray Membrane America, Inc.
. Trisep Corporation

In order to make an unbiased and accurate decision, the Consortium endeavored to
understand the economic impact, as well as the perceived issues and benefits related to
large diameter elements. The Consortium recognized the need of consumers to have
multiple suppliers of both elements and vessels as their disposal. The Economic Study,
conducted by CH2M HILL, Inc. considered multiple desalting applications (brackish
groundwater, brackish surface water and open intake seawater) and was designed to
accurately estimate and compare capital costs, operations and maintenance (O&M) costs
and life-cycle costs of standard 8040 RO designs to candidate large diameter element RO
designs considering RO train, system and overall facility costs. The candidate large
diameters evaluated were 16 inch and 20 inch. Cost curves were generated based on the
economics of 8-, 16- and 20-inch elements at five plant capacities ranging from 12.5 to
150 million gallons per day (mgd) (47,000 to 568,000 m’/day).



The scope of the Economic Study involved the generation of 45 different cost models
based on three different water quality applications, five plant capacities and three element
diameters to develop comprehensive capital, O&M and life-cycle costs. The cost
estimates developed as part of the Economic Study are based on an “order of magnitude”
engineering estimate and represent plants built to standards used in the United States
utilizing the assumptions described in this Section 4.

The results of the study were as follows:

1. Design of RO trains and treatment facility with 16-inch and 20-inch
elements reduces plant construction costs for all cases. Cost savings are
most significant for the brackish groundwater case, where the percent
savings (relative to 8-inch costs) ranged from 18.5 percent for the 12.5
mgd (47,000 m3/day) capacity case to 27 percent for the 150 mgd
(568,000 m3/day) case. Savings were less significant (7 percent to
17 percent) for the other source waters due to the leveling effect of the
microfiltration (MF)/ultrafiltration (UF) pretreatment, whose costs are
equivalent for the three RO element diameters.

2. The majority of the construction cost reduction is realized when element
diameter is increased from 8-inch to 16-inch diameter. For the brackish
groundwater case, the relative cost saving from 8-inch to 16-inch was
24%; it increased only marginally to 27% from 8-inch to 20-inch.

3. The most significant portion of the plant construction cost to be positively
impacted by the use of increased diameter elements is the RO train. For
the brackish groundwater cases, installed RO train cost was reduced from
$0.33/gpd to $0.22/gpd ($87 per m3/day to $58 per m3/day) when 16-inch
elements are used in place of 8-inch elements for the 50 mgd case
(189,000 m3/day), a 50 percent savings. In contrast, the largest plant
construction cost savings (150 mgd case or 568,000 m3/day) for this
source water was 24 percent or only one-half of the train cost savings.
Savings were somewhat less for the surface brackish and seawater cases
because of the smaller train sizes used for the 16-inch element designs.

4. Savings in O&M costs from use of larger diameter elements were small
and comparable for all cases. For the 50-mgd cases, O&M costs
decreased from $0.62/1000 gals to $0.60/1000 gals ($0.164/m3 to
$0.158/m3). Given that the basic performance characteristics are the same
for all diameter elements (all use the same membrane), the power,
chemical and replacement intervals are unaffected. The primary O&M
savings associated with larger-diameter designs is from reductions in
repair and maintenance. The fewer numbers of elements, pressure vessels
and RO skid components should translate into lower repair and
maintenance costs.



5. Life cycle cost savings can also be realized from large diameter element
use, however savings are less than for construction costs due to the
leveling impact of the similar O&M costs. In evaluation of the O&M and
life-cycle costs, O&M costs between the three diameter sizes are more
comparable and dilute the capital cost savings in the life-cycle cost
comparison. For the brackish groundwater cases, the plant life-cycle cost
savings range from 8 tol1 percent for 16-inch and 9 to 12 percent for 20-
inch element cases. For the surface water cases, the life-cycle cost savings
range from 5 to 8 percent for 16-inch and 6 to 9 percent for 20-inch
element cases. Finally, for the seawater cases the life-cycle cost savings
range from 4 to 6 percent for 16-inch and 4 to 7 percent for 20-inch
element cases. Although the percentage savings in life-cycle costs are less
than those for construction costs, they nonetheless represent millions of
dollars over the life of the RO plant. Relative to 8-inch elements the life-
cycle cost savings over a 20-year period for the 50 mgd (189,000 m*/day)
brackish groundwater, brackish surface water, and seawater cases are $22
to $24 million, $21 to $24 million, and $25 to $30 million, respectively for
16-inch and 20-inch diameter elements.

An understanding of the perceived issues and benefits related to large diameter elements
was gained through surveys conducted with industry experts including end users,
engineering consultants, and system suppliers. Input from these stakeholders regarding
their concerns and expected benefits was obtained via written and electronic surveys. A
website was developed (www.bigmembranes.com) to facilitate stakeholder input and
education. Handling challenges associated with the increased element weight was
perceived to be the most significant obstacle to the use of large diameter elements.
Concerns regarding vessel issues (cost, availability, and end-cap weight) and element
efficiency and performance were also raised by the survey respondents. Benefits were
perceived to be improved economics, reduced facility footprint and reduced element
connections.

As a result of the concern expressed by end users, the Consortium investigated handling
options, including discussions with engineering and operations staff at the Yuma
Desalting Plant regarding equipment used to load/unload 12-inch diameter RO elements.
As was the case at the Yuma Desalting Plant, it is the Consortium’s expectation that the
necessary mechanical handling devices will be developed in concert with the large
diameter elements to facilitate use. Other industries have experienced similar product
handling challenges and have responded with development of suitable handling
equipment. It is the opinion of the Consortium that development of suitable and
affordable handling equipment can be developed once larger element diameter and
associated vessel characteristics are established.

Limitations regarding manufacturability of large diameter vessels that incorporate state-
of-the-art features (i.e. flow through ports, ASME Section 10 certification, etc.) strongly
influenced the element diameter selected by the Consortium. To minimize vessel
development costs it is desirable to utilize the same large diameter standard for all
feedwater water quality applications: brackish groundwater, brackish surface water and
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open intake seawater desalination. Through vessel manufacturer input solicited at key
stages of the project, the Consortium learned that the high pressure requirements for
seawater desalination (up to 1,200 psi (83 bar)) creates significant engineering challenges
in vessel design at very large diameters. Their input played a paramount role in the
development and consensus of a large diameter standard as it represented a quantifiable
diameter limit which cannot presently be easily overcome.

As a result, the Consortium had to balance the inherent cost benefits of larger diameter
elements with the associated risks. The results indicate that the majority of the cost
savings available can be achieved in the transition from 8-inch to 16-inch diameter. The
cost savings obtained from a further increase to 20-inch is less substantial. This
information, combined with the recognition of risk and the limitations and
recommendations from the vessel manufacturers results in a large diameter standard
consensus by the Consortium of 15.90 +/- 0.01 inches (nominal 16 inches).

Subsequent to the submittal and acceptance of this Final Report by the Bureau of
Reclamation, a commercial 18-inch seawater vessel has entered the marketplace. As
presented in this report, the development of such a vessel was deemed difficult, but not
impossible. Based on the input we received from vessel manufacturers, the Consortium
determined that such a development would be cost-intensive and risky from a commercial
standpoint. Additionally, the Consortium did not want to risk loss of accepted vessel
features available on 8-inch vessels such as multi-ports and side-ports. The availability
of an 18-inch seawater vessel does not negate the outcome of this study. Which diameter
ultimately becomes the large diameter of choice will depend on commercial forces in the
marketplace. However, the ultimate objective of this project was to agree on an industry
standard that the membrane industry can adopt and all major U.S. membrane
manufacturers were invited to participate in the Consortium at the outset. The
Consortium recommends the 16-inch industry standard for large-diameter elements as the
preferred diameter based on the asymptotic decrease in cost savings with increased
element diameter above 16 inches combined with potential increased manufacturing risks
as the diameter increases above 16 inches.



2. Background and Introduction

With the continued growth of dense population areas, there is a greater demand on
potable water source supplies. Also, improved analytical technology has identified an
ever increasing number of contaminants in water supplies that have harmful impact to
public health, in some cases at very low levels. This has created a need for the application
of water treatment technologies that are broad spectrum (removal multiple contaminants)
and efficient (provide high levels of contaminant removal). Membrane processes, in
particular, reverse osmosis (RO) and nanofiltration (NF), represent two such
technologies. Both can desalt saline water and remove dissolved organic contaminants
that can be harmful. RO technology can remove the large majority of salt and organic
species. NF removes most organic species and those salt ions which contribute to water
hardness, i.e. divalent ions such as Ca*"and Mg”". The report primarily utilizes the term
RO when referring to the applicable membrane processes due to its predominance in the
marketplace, but it should be assumed that the results and conclusions can also apply to
NF because of the similar physical design features of the two processes.

To date most RO systems have been small to medium size, due to the unfavorable
economies of scale for RO systems. Unlike many other technologies in water treatment
which achieve lower per gallon treatment costs with increasing plant capacity, savings for
RO typically plateaus in the range of 10-20 mgd (38,000 -76,000 m*/day) range. In
contrast, most municipalities utilize large-scale treatment plants to achieve low water
costs. For example, Metropolitan Water District of Southern California operates five
treatment plants, each having a treatment capacity between 350 mgd and 750 mgd
(1,326,000 m*/day to 2,841,000 m*/day) (Gabelich, et al, 1999). The very large size of
these plants is a result of favorable economies-of-scale associated with clarifiers,
sedimentation tanks and multimedia filters.

The reason for the low economy of scale for RO is that the RO system is designed around
8-inch by 40-inch spiral wound elements and typical train sizes of 0.5 to 3 mgd (1,900 to
11,000 m3/day). The small size of the element allows them to be handled by a single
individual and allows easy fabrication or expansion of a variety of sized plants.
However, the small, modular nature of these elements reduces the potential economy of
scale. A typical train may contain hundreds of the 8-inch elements. To produce even
larger plants, engineers do not put more elements in the train, but rather add more trains
containing the same number of elements. The large number of connections, elements,
pressure vessels and seals limits the cost competitiveness of membrane technology for
extremely large-scale treatment plants. Also, since each train consists of the same
hardware of the same size, there is very little economy of scale. Still, optimized RO
process designs and lower RO element costs have made larger plants economical
compared to other technologies. A 50 mgd (189,000 m*/day) brackish water RO plant
would require about 8,000 standard 8-inch diameter RO elements. Very little economy-
of-scale can be achieved when producing and installing so many individual pieces; the
cost of producing a system that is 150 mgd (568,000 m’/day) would roughly be three
times the amount of a 50 mgd (189,000 m’/day) plant.



There have been a few large-scale RO plants constructed, including the brackish water
Yuma Desalting Plant in southwestern Arizona (72 mgd or 273,000 m’/day), the Mery-
sur-Oise NF plant in the Paris region of France (36 mgd or 136,000 m’/day), the 40 mgd
(152,000 m*/day) NF plant in Boca Raton, Florida, and the Fujairah seawater plant in
United Arab Emirates (46 mgd or 174,000 m’/day). The latter has over 21,000 8-inch
diameter elements. In 2001, there were over 50 plants of 6 mgd (23,000 m’/day) capacity
or larger (Wangnick, 2002). It is expected that the increasing demand for this technology
would result in many more large-scale plants if greater economy of scale could be
realized. In contrast, larger RO elements should allow more convenient and economical
construction of very large RO plants. In regards to this issue and others limiting the
economical feasibility of desalting, costs can be reduced by the development of large-
scale RO elements which are designed for large-scale plants.

One potential means to lower costs for large RO plants is to use a larger diameter
element. This approach has been pursued by one RO/NF membrane supplier, Koch
Membrane Systems (KMS). In 1998 they introduced a prototype 16-inch diameter
element through a cooperative effort with a consortium of industry stakeholders called
Desalination Research and Innovation Partnership (DRIP), including the water agencies
Metropolitan Water District of Southern California and Orange County (CA) Water
District, both of whom were interested in constructing large capacity RO facilities. With
further development, KMS increased the diameter first to 17.3 inches and then to 18
inches.

The 16-inch KMS element was 60-inches long and had a surface area of 2031 ft* (189
m?). This was approximately five times the area of the conventional 8-inch by 40-inch
RO element (400 ft* (37 m%). The initial studies showed that although the performance
efficiency of this was not equal to the conventional 8040 element (Gabelich, et al, 2001),
further work demonstrated that large element performance could be optimized to have a
similar efficiency to a conventional 8-inch diameter element (Yun, et al, 2002). The
final specific flux was 0.31 gfd/psi (7.6 Lmh/bar). The primary difference between the
performance of the 8040 element and the 16-inch by 60-inch element was the efficiency
of cleaning and fouling rate (Yun, et al, 2002). The large diameter element fouled at a
rate of 0.02 gfd/psi (0.49 Lmbh/bar) per 1000 hours operation on Colorado River water,
while the conventional 8040 element did not display flux loss due to fouling at the same
operation conditions (Yun, et al, 2002). Various factors were proposed that could have
contributed to the higher fouling rate. Further tests were required to understand these
phenomena in detail.

However, a detailed cost analysis of a hypothetical 185 mgd (700,000 m*/day) RO plant
performed for MWD demonstrated the financial value of the 16-inch diameter element.
The hypothetical design used 16.8 mgd (64,000 m*/day) trains, nearly 3 times larger than
conventional train sizes. Capital cost for this capacity facility was reduced by 27 percent
by using the 16-inch diameter. The savings were primarily due to reduced piping and
instrumentation. There was little change in the O&M costs of a large diameter element
compared to a conventional sized element, because fouling rates and cleaning frequencies



were assumed to be equal. The overall systems costs, including O&M and amortized
capital, decreased by 12% compared to the conventional case. For such a large project,
this amounts to a savings of 40 to 50 million dollars (Yun, 2002).

Although this study has shown the potential savings of a large diameter element for a
specific plant configuration, it has not sought to determine the optimum size of the
element or the benefit as a function of plant size. Instead, the study focused on the actual
performance of one such large element, a 16-inch (or later a 17.3-inch) diameter element
as well as the calculated cost advantage. The study did not consider the potential savings
of using these large diameter elements for RO plants of various sizes. This is an
important question since favorable economics for only very large scale plants (>50 mgd
or 189,000 m*/day) would likely mean that this technology would still need more time to
reach maturity. However, favorable economics for mid-size plants (10-50 mgd or 38,000
-189,000 m’/day) would mean that large diameter elements could have a more immediate
impact.

Additionally, Koch Membrane Systems has now formalized their product offering, and
has settled on a 18-inch by 60-inch RO element (UltraPure, 2004). Currently, they are
only offering this product for brackish water applications. It is unknown whether they
will or can offer this 18-inch diameter for seawater applications. This element is
available for 5 element pressure vessels, which makes them uniquely suited to 60-inch
elements, since 40 inch elements would not fit as a whole multiple. It would take 7.5 of
the 40-inch long elements to fill such a vessel.

The previous study also did not consider the practical limits for extremely large diameter
elements or the limits for large diameter elements suitable for the high pressure seawater
applications. The latter is particularly important because a high percentage of large
systems which are being built or currently under design, are for treating seawater. These
would likely benefit greatly from such economy of scale, but the application is much
more difficult due to the greater forces on the end of the pressure vessel.

Thus, the Consortium was formed for the express purpose of considering these additional
issues and to establish an optimum large diameter element standard agreed upon by the
consortium, which would enable competitive project bidding, consider pressure tube
manufacturability, system design limitation and cost reductions.

One of the primary goals of the Consortium was to create a new element standard that
would allow customers to purchase both elements and pressure vessels from multiple
suppliers. It was decided early on that it would be highly desirable to create a single new
standard that could be used for both brackish and seawater applications, as this would
generate the highest probability that multiple suppliers would be available.

With this assumption, one of the primary constraints in selecting a new diameter was the
ability to design and build a large diameter pressure vessel with the capability to operate
at seawater pressures of 1,000 to 1,200 psi (69 - 83 bar). With these new pressure vessels,



we would want to incorporate all the features and benefits currently available on 8-inch
pressure vessels such as through ports, ASME Section 10, and using existing FRP
technology.

The Consortium had many discussions with pressure vessel companies to determine
suitable pressure vessel sizes. It was the conclusion of the Consortium that a 16-inch
diameter vessel was pushing the edge of the current FRP pressure vessel technology for
high pressure applications. Increasing the diameter from 16-inch to 18-inch would
significantly increase the risk and cost of designing a pressure vessel, possibly requiring
the use of new technologies not currently available. More detail will be given on this in
the following sections.



3. Approach

3.1 Administrative Considerations
3.1.1 Parties Involved

FilmTec Corporation, a wholly owned subsidiary of The Dow Chemical Company,
submitted the project proposal to Reclamation on behalf of the Consortium. All North
American membrane RO/NF manufacturers and Toray of Japan were invited to
participate in the Consortium with Hydranautics, Toray Membrane America, Inc. and
TriSep Corporation electing to join. Although FilmTec Corporation was listed as the
offeror, this was purely to meet the administrative requirements of Reclamation. Each
participant had equal standing.

Due to the unique nature of the Consortium and its objectives, a key role identified was
that of an independent and objective industry consultant to act as the Project Facilitator.
The involvement of an independent party in this role was needed to provide unbiased
leadership, maintain objectivity, and add a dimension of credibility from an alternative
source. Ms. Lisa Henthorne, Vice President and Membrane Technology Leader of
Metcalf and Eddy, Inc. was hired for this role. The purpose of this role was to facilitate
the Consortium meetings, write and distribute meeting minutes, hold the group
accountable to commitments, and guide the general direction of the project using her
industry knowledge.

In addition, the Consortium members agreed an engineering firm was needed to conduct
several evaluations to determine the impact larger diameter elements will have on capital
and the life-cycle total water cost. CH2M HILL, Inc. was hired to conduct this
Economic Study. Mr. Jim Lozier, Global Director of Membrane Technology, acted as
the CH2M HILL Economic Study Manager with Mr. Bob Bergman, Membrane
Treatment Technical Manager, as the System Design and Cost Modeling Task Leader.

Support from Reclamation involved a cost sharing contribution of up to $100,000. These
funds were used to cover the costs associated with hiring the Project Facilitator and the
conducting the Economic Study.

3.1.2 Joint Work Agreement

A Joint Work Agreement was written to establish the obligations required of the
participants with regard to the scope of work, cost sharing, handling of confidential
information, and dispute resolution. Consortium member cost sharing contributions
involved providing a subject matter expert(s) at an estimated time contribution of
approximately 400 hours and covering their own incurred costs (time, travel, etc.). The
Joint Work Agreement is contained in Appendix A.



3.1.3 Antitrust Considerations

To address the antitrust issues associated with meetings between competitors, antitrust
guidelines were established. Each Consortium meeting began with a review of the
guidelines in order to ensure these were strictly adhered to. The guidelines include the

following:

1.

Adhere to prepared agendas for all meetings and object any time meeting
minutes do not accurately reflect the matters which transpire.

Understand the purposes and authority of the Consortium.

Protest against any discussions or meeting activities which appear to
violate the antitrust or competition laws; do not continue until you are
assured it is proper or the discussion is redirected. Otherwise, discontinue
the meeting.

Don’’t, in fact or appearance, discuss or exchange information regarding:

Individual company prices, price changes, price differentials,
mark-ups, discounts, allowances, credit terms, or data that bear on
price, costs, production, capacity, inventories, sales.

Industry pricing policies, price levels, price changes, differentials,
etc.

Changes in industry production, capacity or inventories.

Bids on contracts for particular products; procedures for
responding to bid invitations.

Plans of individual companies concerning the design, production,
distribution or marketing of particular products, including
proposed territories or customers, except as part of a
distributorship relationship.

Matters relating to actual or potential individual suppliers that
might have the effect of excluding them from any market or of
influencing the business conduct of firms towards such suppliers or
customers.

Termination of manufacturing as a quid pro quo for supply of a
product.
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5. Don’t discuss or exchange information, even in jest, regarding the above
matters during social gatherings incidental to any meetings.

These guidelines are also provided in Appendix B.
3.1.4 Project Goals and Objectives

The Consortium was formed for the purpose of identifying an industry standard element
diameter (>8-inch) to reduce the cost of RO/NF treated water. This project was designed
to enable the delivery of value provided by larger diameter elements that can only be
achieved throughout the general industry when there are multiple suppliers. This value,
realized through capital savings, will make the treatment of water with RO/NF
technology more affordable for large systems.

To implement the project purpose the following tasks were conducted:

1. Develop the parameters, outline and scope of an objective and
comprehensive Economic Study.

2. Conduct the Economic Study including capital and life cycle cost analyses
of different element diameters in different applications.

3. Develop consensus between the Consortium members regarding optimum
parameters.
4. Communicate recommended standard and supporting documentation to

industry and water treatment community.

Acceptance of the results of this project by all players in the water treatment industry is
key to meeting the project goal. With this in mind, the Consortium took special measures
to ensure its work product is unbiased and objective. This was accomplished through the
incorporation of input from other members of the value chain during key stages of the
project. This included:

. direct involvement of the Project Facilitator and Economic Study Manager
with the Consortium during all stages of the project

. significant dialogue with pressure vessel manufacturers
. surveying of end users, system suppliers and engineering firms
. inviting the broader industry to provide input through a survey located at

www.bigmembranes.com
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3.2 Assumptions

The Consortium members initiated the large element study by setting the assumptions
and different plant configurations that would be used to run the Economic Study models.
A summary of the key assumptions are shown in Table 3-1. The plant size of the base
case was assumed to be 50 mgd (189,000 m*/day), as this would likely capture the
advantage of the large trains associated with large elements. This value was also
considered to be a probable plant size for future, next generation large RO plants.
Additional RO plant sizes were considered, including 12.5 mgd (47,000 m’/day), 25 mgd
(95,000 m*/day), 100 mgd (379,000 m*/day) and 150 mgd (568,000 m’/day). This range
of plant sizes was expected to incorporate current large plants to future mega plants, thus
demonstrating potential benefit for a broad range of applications.

For each plant size, three water types were considered to evaluate the effect of water
type. The three water types were brackish groundwater, brackish surface water, and open
intake seawater. The first application would give an example of a case with high flux
rate (15 gfd or 26 Lmh), the second would represent either a lower flux surface water, or
wastewater treatment after MF/UF membrane pretreatment (10 gfd or 17 Lmh), and the
last application is at low flux (9 gfd or 15 Lmh), considered to be typical for SWRO, and
operating at high pressure. The latter two cases were designed based on utilizing
membrane pretreatment. There has been a rapid rise in the popularity and use of this type
of pretreatment due to the improved water quality it provides for RO or NF, and the
possibility for RO design with more aggressive flux rates with the higher quality feed
water

Three element diameters were chosen for the various designs: the current industry
standard 8-inch diameter by 40-inch long, the 16-inch diameter by 40-inch long element
and the 20-inch diameter by 40-inch long element. These were chosen based on the fact
that the 8-inch by 40-inch product is the most popular element currently being sold, and
therefore represents the “baseline” case. 16-inch diameter by 40-inch element represents
a 4x increase in surface area over the 8-inch diameter product, and is similar to the size
that is being trialed at some current sites. The 20-inch diameter by 40-inch long element
is another step increase that is significantly larger than thel6-inch by 40-inch element,
but is not so large as to cause problems with train size.

For the 50 mgd (189,000 m*/day) plants, the train size for 8-inch elements was
determined based on current train sizes of large scale commercial plants. The brackish
groundwater train contained 99 pressure vessels, the brackish surface water contained
149 pressure vessels, and the seawater case contained 179 pressure vessels. Each 8-inch
train produced 4.17 mgd, or 16,000 m’/day. The 16-inch element train size was chosen
to have a similar physical size, so the number of pressure vessels for the three water types
was 75, 90 and 90. The permeate capacity from these three train sizes was 12.5, 10 and
8.33 mgd (47,000, 38,000 and 32,000 m*/day). For the 20-inch element, the number of
pressure vessels was 48, 72 and 86, which gave flows of 12.5, 12.5 and 12.5 mgd
(47,000 m’/day) for all three feedwater applications). The latter design reflects our
adopted philosophy that the minimum number of trains would not be less than four, since
it was felt that four trains would be required to allow some measure of flexibility when a
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train was shut down for service or cleaning. In such a case, no more than 25% of the
flow would be lost during that down time.

Train sizes stayed the same as the plant size was increased, except in the cases where the
50 mgd (189,000 m*/day) plant was at four trains and the train size was reduced to
prevent needing less than four trains. When the plant size decreased, the number of
vessels in the train decreased as needed to prevent running with less than four trains.

A major assumption in the Economic Study was that the designs would all be made using
a centralized pumping center (and energy recovery center for the seawater application).
This is not a new idea, and is being implemented on large scale plants today (Faigon and
Liberman, 2003). The result of this assumption is far reaching, as it effectively eliminates
the pumps and energy recovery devices from consideration with respect to economic
comparison. The pumps are no longer individually dedicated to a train, but can be sized
based on the plant flow requirements with acceptable standby capacity. The pumping
center is thus identical for any element diameter, train size and number of trains selected,
provided the plant capacity remains the same. Though this assumption reduces the
potential benefits of large diameter elements, the Consortium believes this to be a
realistic assumption for design of future large-scale desalination plants.
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Table 3-1.

Assumption Values for Economic Study Parameters
for 8”,16” and 20” Diameter Scenarios - 50 mgd Base Case
REVISED 6-06-04

Parameter Brackish Brackish Surface Seawater
Groundwater - Water or Reuse
High Flux Application- Low
Flux

Plant size (mgd)- Base 50 50 50

case

Train size (mgd) - 20” 12.5 12.5 12.5

Train size (mgd) - 16” 12.5 10.0 8.33

Train size (mgd) - 8” 417 417 417

Diameter

Trains per plant for 4 4 4

Base case - 20”

Trains per plant for 4 5 6

Base case - 16”

Trains per plant for 12 12 12

Base case - 8”

Pretreatment Standard? Screening; MF/UF | Screening; MF/UF
with optional coag | with optional coag
feed plus Standard | feed plus Standard

No. of Stages 2 3 1

Total Vessels per train 75 90 90

- 16" Large Size

Total Vessels per train 48 72 86

- 20” Large Size

Total Vessels per train 99 149 179

-8”

Elements per vessel 7 7 7

Feedwater salinity 2,200 930 38,000

(mg/L)

Avg. system flux (gfd) 15 10 9

Recovery (%) 75 85 45

aStandard pretreatment = acid & scale inhibitor addition and 5-micron cartridge filtration
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3.3 Project Strategy
3.3.1 Consortium Meetings

In order to facilitate effective and regular communication, the Consortium held biweekly
(on average) conference calls. At least three Consortium member companies had to be
present for the meeting to occur. Additionally, two in-person meetings were held by the
Consortium: a kick-off meeting and consensus-building meeting.

The meeting minutes from each conference call and in-person meeting are provided in
Appendix C.

3.3.2 Industry Survey

As previously mentioned, broad acceptance of the results of the project by stakeholders in
the water treatment industry is critical to meeting the project goal. Therefore, the team
solicited the expertise of approximately 50 industry experts (end users, system suppliers
and engineering firms) to gain additional insight regarding perceived advantages/
disadvantages of large diameter elements and identify information needed for general
acceptance. This input was used to influence the development of the Economic Study
framework. The survey questions were:

1. Please briefly describe the most significant advantages you perceive with
the application of large-diameter RO elements.

2. Please briefly describe the most significant disadvantages or challenges
you perceive with the application of large-diameter RO elements.

3. What magnitude of savings would be required of large-diameter elements
for you to consider using them?

4. What type of information would you most want from this investigation to
help you determine the suitability of large-diameter elements for your next
project?

5. What is the potential size of your future plants?

6. What level of demonstration would be needed before you would be
willing to purchase or specify large diameter elements for your next
project?

The survey results showed the industry perceives the primary advantages of large
diameter elements to be footprint reduction, lower capital costs, and fewer element
connections. Perceived disadvantages include element and vessel end-cap handling
issues, vessel issues (availability, cost) and reduced element efficiencies. The survey
data also suggests significant capital and/or lifecycle costs savings (~20%), as well as, a
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comprehensive full scale demonstration plant will be needed to gain broad acceptance of
this technology. Tables and charts showing the results of all survey questions are
included in Appendix D.

In addition to the survey that was sent to specific people recognized in the industry, an
electronic survey was conducted on the project website, www.bigmembranes.com. A
total of 22 people responded to the website questionnaire. The results from the electronic
survey were similar to that of the written survey. The results of the electronic survey are
contained in Appendix E.

3.3.3 Limitations
3.34.1  Element Handling

The Consortium discussed at-length the requirements associated with the physical
handling of a proposed large diameter element and end-cap. Beyond projected reductions
in RO system capital and operating costs, RO system suppliers and end users must be
able to install, service and replace a large diameter element in a manner that is as equally
(or more) convenient and safe, as methods currently used with traditional 8-inch diameter
elements. “Equivalency in handling” was a priority based on the industry survey
conducted by the Consortium and discussed elsewhere in this report.

Estimated weight of the proposed large diameter element (16-inch diameter by 40-inch
long), following operation and draining in place, is 150 pounds (68 kg). Based on
discussions with several pressure vessel manufacturers, estimated weight of an end-cap
assembly used with an ASME code seawater pressure vessel designed for 1000 psi

(69 bar) service, is 145 pounds each (66 kg). These element and end cap weights are
considerably greater than existing 8-inch systems [35 pounds (16 kg) and 25 pounds
(11.3 kg), respectively] and demonstrate the need for special element and end-cap
handling equipment to achieve the “equivalency in handling” goal.

The Consortium considered various approaches to large diameter loading and unloading
(including end-cap installation and removal) and the need for and nature of related
mechanical hardware to facilitate these tasks. To better assess what approach(es) would
be necessary, the Consortium contacted operations staff at the Bureau of Reclamation’s
Yuma Desalting Plant (YDP), which employs non-traditional size RO elements,
including 8.5-inch diameter by 40-inch long and 12-inch diameter by 60-inch long,
weighing approximately 120 pounds drained (54 kg). YDP staff utilizes relatively
inexpensive lift platforms that have been modified to enable safe and convenient lifting
and installation of these larger and heavier elements in RO trains, where uppermost
pressure vessels are 12 to 15 feet (3.6 to 4.6 m) above ground level. See Figures 3-1
through 3-3. Based on the YDP approach and experience, the Consortium is convinced
that large diameter element handling and end-cap installation/removal can be very
practical with a myriad of possible mechanical methods, and this requirement is not
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Figure 3-1.—YDP Membrane Loading Assembly in Docked Position
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considered to be a deterrent to the future use of large diameter elements in large-capacity
RO trains using current mechanical and hydraulic design. The Consortium envisions
that, once large diameter element and associated pressure vessel designs have been
standardized, third party, specialty equipment suppliers or RO system service companies,
will develop the requisite handling equipment. Such equipment will be made available
for purchase by utilities having large capacity RO trains (and plants) for routine use.
Operators of smaller plants, with limited capital budgets, may prefer to lease such
equipment on an as-needed basis.

Beyond the projected RO system cost savings, use of large diameter elements will
significantly reduce the number of elements necessary (to produce an equivalent flow of
treated water) and the resulting ancillary handling costs, which will provide additional
industry benefits, including:

1. Reduced volumes for packaged elements (corrugated boxes, pallets,
related dunnage, etc.). This will reduce space required for temporary
storage of elements prior to plant commissioning and for storage of spare
elements as well as reduce costs associated with disposal of such
packaging once elements are placed into service.

2. Reduced manpower and costs associated with element
installation/maintenance and removal/replacement.

3. Lastly, reduced material element unit volume [element volume per gallon
(meter’) of water produced], results in reduced landfill space required for
disposal of spent elements.

3.34.2 Vessels

One of the primary goals of the Consortium was to create a new element standard that
would allow customers to purchase large diameter elements and pressure vessels from
multiple suppliers, thereby addressing a common concern identified by the industry
survey. It is highly desirable to have a single new standard that can be used for both
brackish and seawater applications, as this generates the highest probability that multiple
suppliers will be available. The Consortium did not want to create a standard that would
introduce a high level of risk. Failure of any component would slow the acceptance of
the new standard by the marketplace.

It was also decided that any new vessel standard should incorporate state-of-the-art
design concepts that are currently available in 8-inch diameter pressure vessels. These
include side mounted through ports, ASME Section 10 certification, high quality,
competitive pricing, and with the same safety factors as are currently being used on the
8-inch pressure vessels.
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The Consortium solicited input from several pressure tube suppliers: Bekaert Progressive
Composites, Bel Composite, Knappe Composite, Pentair CodeLine, and Phoenix Vessel.
A list of questions was sent to two of the pressure tube manufacturers in December of
2003. The questionnaire is provided Appendix F. The answers have not been presented as
they were given in confidence. The responses to these written questions resulted in
several follow-up telephone conference calls and a final request for information on 16-
June 2004. A copy of the final request is also presented in Appendix F along with a
response from one manufacturer.

The responses from the pressure vessel manufacturers varied as did their experience level
in manufacturing and designing large diameter pressure vessels. Some of the companies
have designed, and to a limited extent produced, brackish water pressure vessels in the
16-inch to 18-inch diameter range. The Consortium placed an emphasis on finding a
common ground and managing risk.

One of the primary constraints in selecting a new diameter was the ability to design and
build a large diameter pressure vessel with the capability to operate at seawater pressures
of 1,000 to 1,200 psi (69 - 83 bar). For a 16-inch or 20-inch diameter pressure vessel, the
forces on the pressure vessel end-caps are four times and six times higher, respectively,
than with an 8-inch diameter pressure vessel. We also asked the pressure vessel
manufacturers to only consider designs using existing FRP pressure vessel technology.

Given the listed assumptions, and based on the feedback from several pressure vessel
manufacturers, it is the conclusion of the Consortium, that a 16-inch diameter vessel is a
fitting standard to encourage multiple suppliers while pushing the limit of the current
FRP pressure vessel technology. In order to allow for use of commonly available steel
pipe to create the pressure vessel mandrels, which reduces the cost of implementing new
pressure tubes, a specific diameter of 15.90 +/- 0.01-inch was chosen as the inside
diameter of the pressure vessel.

3.3.4.3  Market for Large Diameter Elements

One of the limitations of utilization of large diameter elements is the demand of the
market for these products. In the process of developing a standard for the large diameter
element, the Consortium thought it important to evaluate the market demand, in order to
fully understand the implications of the market both for development of the large-
diameter element and vessel. This evaluation was also useful in making the decision as
to whether to recommend the same standard diameter for both brackish and seawater
applications.

Figure 3.4 provides a graphical representation of the growth of membrane and thermal
desalination worldwide, based on cumulative installed capacity. The primary source for
the market information described herein is the most recently published Wangnick/IDA
Desalination Plant Inventory Report #17, which is published every two years. The graph
demonstrates that the growth in RO and NF capacity is approximately 11.4% per year.
Based on this growth rate, it is expected that 3.6 billion gal/day (bgd) (13.6 million
m’/day) of new RO/NF capacity will be contracted for installation over the next six years.

19



In evaluating the market for large diameter elements, it is particularly important to
understand the growth of large capacity plants, as these plants are more likely to utilize
large diameter elements. In evaluating the last two years of reporting, approximately
50% of the new contracted capacity was installed in only nine plants totaling 380 million
gal/day (1.4 million m*/day). This results in an average plant capacity for these large-
capacity plants of 42 million gal/day (159,000 m*/day). In reality, two of the nine plants
each had capacities of approximately 85 mgd (322,000 m3/day). If these two plants are
eliminated, the average plant capacity for the seven remaining plants is 30 million gal/day
(114,000 m’/day).

Figure 3-4.—Cumulative Capacity of Membrane and Thermal Desalination
Capacity Installed Worldwide
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In evaluating the NF market, a growth rate of 18.7% per year in new contracted installed
capacity has been demonstrated over the last six years. Approximately 0.4 bgd (1.5
million m*/day) of new NF capacity is expected to be contracted over the next six-year
period. In the last two-year period, 56% of the new plant capacity contracted existed in
two plants, totally 40 mgd (151,000 m*/day). This results in an average 20 mgd (76,000
m’/day) for these two large capacity NF plants.
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Continued trends in the market which favor a continued growth of large-capacity RO and
NF plants include the following:

. Co-location of seawater RO plants at power facilities or other industrial
facilities. This trend encourages large-capacity facilities due to the
opportunity to blend large quantities of concentrate in the existing outfall,
thereby diluting any potential environmental impacts of large-scale plants.

. Continued reduction in the Total Water Cost (TWC) for the large-
capacity plants. TWC prices from the privatized large-scale Singapore
and Ashkelon seawater RO projects encourage the economy-of-scale
benefits offered at these facilities.

. Privatization of desalination facilities. Because privatization shifts the
capital and technology risk away from the public sector, privatization of
desalination facilities worldwide is growing in popularity. Private sector
developers favor large-scale facilities due to the increased potential for
economy-of-scale benefits, which can be optimized to achieve maximum
profit.

Based on the growth in the desalination market exhibited historically, the
trends toward larger-capacity plants as seen in the last few years and the
expectation that these trends will continue, we estimate the following:

. 40-45 new RO plants with capacities above 25 mgd (95,000 m*/day) will
be contracted over the next six years. Ten of these plants will have
capacities in excess of 50 mgd (189,000 m*/day). It is expected that
approximately two-thirds of these 40-45 plants will be seawater RO plants
and the remaining brackish RO plants. This results in about four seawater
and two brackish water RO plants contracted per year, with capacities
greater than 25 mgd (95,000 m*/day).

. 15-20 new NF plants with capacities over 15 mgd (57,000 m*/day) is
expected to be contracted over the next six years. This results in two-three
large-scale NF plants per year.

The results of the market evaluation indicate that there will be a sufficient number of
large-scale facilities constructed in the upcoming years to warrant development of both
large diameter elements and vessels. Because the potential market is not overwhelmingly
large, it suggests that the same diameter be used for both seawater and brackish water
elements. This will decrease manufacturing costs for both the element and vessel
manufacturers, thereby increasing the economic feasibility of development of large-
diameter systems.
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4. Economic Study
4.1 Engineering Design

The cost estimates provided herein are based on an “order of magnitude” engineering
estimate and represent plants built to standards used in the United States utilizing the
assumptions described in this section.

Process flow diagrams were developed for the three source water treatment systems, all
incorporating reverse osmosis (RO) membrane treatment: (1) brackish groundwater, (2)
brackish surface water, and (3) open intake seawater. [It is assumed tertiary treatment for
reuse would use a process flow diagram and design criteria similar to those assumed for
the surface water case. ]

Figure 4-1 shows the groundwater process flow diagram. Groundwater is pumped to the
water treatment plant (WTP) site where it receives acid and scale inhibitor addition (for
scaling control) and passes through a 5-micron cartridge filter system into the RO feed
pumping center suction header. The RO feed pumps increase the pressure to the parallel
RO process trains as necessary to produce the desired product flow at design recovery.
Permeate from the trains are combined and pass to a degasifier for removal of carbon
dioxide (which increases pH) and hydrogen sulfide, if present in the groundwater. The
degasified permeate falls into a clearwell and is then pumped to ground storage. As the
permeate flows from the degasifier clearwell to ground storage, chlorine is dosed for
disinfection (free chlorine residual) and caustic (sodium hydroxide) is fed to raise the pH
for corrosion control and stabilization. High service pumps deliver the finished water to
the distribution system. The waste RO concentrate is discharged to an off-site disposal
location directly from the RO trains.

Figure 4-2 presents the brackish surface water process flow diagram. Surface water is
pumped from an intake pumping system to the WTP site where it is treated by dual
membrane treatment facilities — vacuum-type microfiltration (MF) or ultrafiltration (UF)
followed by RO. It is assumed that the MF/UF system receives feedwater after (limited)
coagulant addition and has passed through a strainer to protect the MF/UF membranes.
Filtrate from multiple parallel MF/UF trains is pumped to a break tank which provides a
continuous supply of feedwater to the RO system and provides a source of filtrate for
MF/UF backwashing. After acid and scale inhibitor addition, the filtrate is pressurized
by a centralized RO feed pumping system and flows to multiple parallel RO process
trains. Permeate from the RO trains is combined and passes to a clearwell before being
pumped to ground storage. Between the clearwell and ground storage, the permeate is
dosed with chlorine for disinfection (free chlorine residual) and caustic (sodium
hydroxide) to raise pH for corrosion control and stabilization before ground storage.
High service pumps deliver the finished water to the distribution system. Waste flows
from the strainers and MF/UF systems are directed to settling ponds. Pond supernatant is
discharged, along with the RO concentrate, to an off-site disposal location.
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Figure 4-1. Brackish Groundwater Process Flow Diagram
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Figure 4-2.—Brackish Surface Water Process Flow Diagram
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Figure 4-3.—Seawater Process Flow Diagram

Figure 4-3 shows the seawater process flow diagram. Surface seawater is pumped from
an intake pumping system to the WTP site where it is treated by dual membrane
facilities — vacuum-type MF/UF followed by RO. The seawater passes through strainers,
and is dosed with a low concentration of coagulant prior to entering the MF/UF system.
MF/UF filtrate is pumped to a break tank which provides a continuous supply of
feedwater to the RO system and a supply of filtrate for backwashing of the MF/UF
system. After acid and scale inhibitor addition, the filtrate is pressurized by a centralized
RO feed pumping system and flows to multiple parallel RO process trains. Permeate
from the RO trains passes to a clearwell and then is pumped to ground storage. Chlorine
is added for disinfection and caustic is fed to raise the pH before ground storage. High
service pumps deliver the finished water to the distribution system. As in the case for the
surface water facility, is it assumed that the strainer and MF/UF systems backwash waters
are sent to settling ponds and the supernatant is discharged, along with the RO
concentrate, to an off-site disposal location.

Computer performance projections using The Dow Chemical Company, ROSA®
software, version 5.4, were prepared based on the RO system design criteria listed in
Table 4-1. Based on the projections, the average feed pressures that were used in the
economic analyses were as follows:

. groundwater : 220 psi (15.2 bar),

. surface water: 185 psi (12.8 bar),
. seawater: 920 psi (63.4 bar).
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The design parameters listed in Table 4-1 (for 8-inch diameter performance projections)
were also used for 16-inch by 40-inch and 20-inch by 40-inch elements, although fewer
elements and pressure vessels are needed for the large diameter elements because they

have greater active membrane area.

Table 4-1.—RO System Design Criteria used in Computer Performance Projections

Criterion Brackish Brackish Surface Seawater
Groundwater Water

Membrane type polyamide polyamide composite | polyamide composite

composite

Element size (diameter x 8 x 40 8 x 40 8 x 40

length), inches

Membrane area, ft* 400 400 380

Elements/vessel 7 7 7

No. of stages 2 3 1

Recovery 75 85 45

Source TDS, mg/L 2,200 930 38,000

Average flux, gfd 15 10 9

Table 4-2.—Membrane Area for Standard and Large Diameter RO Elements

Element Size (diameter by length), inches

Membrane Area, ft?

B-GW B-SW SW
8 x40 400 400 380
16 x 40 1,600 1,600 1,480
20 x40 2,500 2,500 2,312

B-GW - brackish groundwater; B-SW — brackish surface water; SW - seawater

Membrane areas for the large diameter elements, shown in Table 4-2, were directly
proportioned up from those shown in Table 4-1 for the 8-inch by 40-inch elements.
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4.2 Isometrics

A computer-derived isometric model of an RO train design was developed in three
dimensions (3-D) by CH2M HILL based on the pressure vessel staging from the 8-inch
by 40-inch RO membrane element performance projections and a RO train size of 4.17
mgd (16,000 m*/day) permeate capacity (12 trains for a 50 mgd WTP). The 4.17-mgd
(16,000 m*/day) train capacity was selected based on the approximate optimum number
of vessels (90-95) per train as discussed in Liberman (2003). This optimum vessel
number was reduced in the 16-inch and 20-inch cases at the lower plant capacities to
ensure a minimum of four trains. Also see description in Section 3.2.

The isometric model was developed for the purpose of RO train costing for each of the
fifteen 8-inch diameter cases (three water sources multiplied by five plant capacities).
The model was constructed using multi-port, side entry pressure vessels and piping
manifolds based on a maximum of four vessels through-ported to each manifold. A front
and back view isometric for the 8-inch diameter element/pressure vessel trains for
groundwater, surface water, and seawater cases are shown in Figures 4-4, 4-6, and 4-8,
respectively.

Similar 3-D computer models were then developed for a RO train treating each type of
source water using the 16-inch diameter RO element and pressure vessel. The design of
the 16-inch train was based on the following assumptions:

. Minimum of four trains for the 50- to 150-mgd plant capacities. Four
trains were considered the minimum number to maintain 75% plant
capacity with one train out of service for cleaning.\

. Maximum overall train height of 24 feet (including piping). This height
was selected to constrain the height at which personnel and equipment
must access for purposes of element loading/unloading and train
maintenance.

Based on these design assumptions, the train capacity of the brackish groundwater,
surface brackish water and seawater 16-inch RO trains calculated at 12.5, 10.0 and 8.33
mgd (47,000, 38,000, 32,000 m*/day ), respectively. A front and back view isometric for
the 16-inch based trains for the brackish groundwater, brackish surface water, and
seawater cases are shown in Figures 4-5, 4-7, and 4-9, respectively.
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Figure 4-4.—8-inch Diameter Element 2-Stage Brackish Groundwater RO Train Isometric
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Figure 4-5.—16-inch Diameter Element 2-Stage Brackish Groundwater RO Train Isometric
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Figure 4-6.—8-inch Diameter Element 3-Stage Brackish Surface Water RO Train Isometric
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Figure 4-7.—16-inch Diameter Element 3-Stage Brackish Surface Water RO Train Isometric
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Figure 4-8.—8-inch Diameter Element 1-Stage Seawater RO Train Isometric
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Figure 4-9.—16-inch Diameter Element 1-Stage Seawater RO Train Isometric
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The approximate dimensions of the trains, including the piping above the floor level, are
shown in Table 4-3. The table gives values for the 8-inch, 16-inch and 20-inch diameter
element RO trains used in the economic evaluation for all plant capacities. The vessel

numbers shown in Table 4-3 are for trains 50 mgd or larger.

Table 4-3.—RO Train Size and Footprint ?

Groundwater Surface Water Seawater
8-inch Diameter Elements
Train capacity, mgd 4.17 417 4.17
Number of Pressure Vessels 99 149 179
Train Size (WxLxH) ® ft 20.5x27x14.5 29x27x17 29x27x20
Height - Top Vessel Row, ft° 12 14.5 16.5
Train Area (Footprint), ft? 554 783 783
16-inch Diameter Elements
Train capacity, mgd 12.5 10.0 8.33
Number of Pressure Vessels 75 90 90
Train Size (WxLxH)", ft 35.5x28.5x24 45x30x23.5 44.,5x28x21.5
Height - Top Vessel Row, ft° 20.5 20 17.5
Train Area (Footprint), ft? 1,012 1,350 1,246
20-inch Diameter Elements
Train capacity, mgd 12.5 125 12.5
Number of Pressure Vessels 48 72 86
Train Size (WxLxH)", ft 35.5x29.5x25 49x31x24.5 50.5x29x23.5
Height - Top Vessel Row, ft° 21.5 21 19.5
Train Area (Footprint), ft? 1,047 1,519 1,465

 Assumed for the economic evaluation; based on the 3-D models for trains in 50 mgd and

larger plant capacities

® W = width, L = length, H = height

¢ Assumed distance from floor to centerline of top row of pressure vessels

4.3 RO Train Cost

The seawater design models and isometrics described in the previous sections were used
to develop detailed Bills of Materials (BOMs). From these, uninstalled and installed RO
train equipment costs were calculated for each of the three element diameters. The
BOMs included RO train membrane elements, pressure vessels, weldments, panels, and
valves, piping and other appurtenances located above floor elevation. Equipment and
other items not installed on the RO skids, such as cartridge filters, RO feed pumps and
energy recovery pressure exchangers (for seawater cases only), were not included in the
RO train BOMs.
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The groundwater and surface water RO train uninstalled and installed costs were then
developed based on adjustments to the seawater train cost. These adjustments accounted
for cost differences in high pressure piping materials and larger diameter (and rated
pressure) RO elements and pressure vessels. Higher-priced AL6XN alloy was used in
piping materials for seawater cases while less-expensive 316L was used for ground and
surface water cases.

As RO elements and pressure vessels represent the majority of the RO train costs, these
costs are presented in Table 4-4 for the three different element diameters used in the
study. Uninstalled costs for the 8-inch diameter elements and pressure vessels were
estimated from representative commercial costs currently being used in large capacity
municipal membrane systems. Uninstalled costs for the 16-inch and 20-inch diameter
elements and pressure vessels were calculated as 4 and 6.25 times, respectively, of the 8-
inch diameter costs. These cost multipliers represent the membrane area ratio for 16-
inch:8-inch and 20-inch:8-inch elements, respectively, as previously stated. The
installation cost was assumed to be 20 percent of the uninstalled cost.

Table 4-4.—Assumed RO Membrane Element and Pressure Vessel Costs

Groundwater & Surface Water Seawater

8-inch 16-inch 20-inch 8-inch 16-inch 20-inch
Membrane Elements
Membrane area, ft? 400 1,600 2,500 370 1,480 2,312
Uninstalled cost 450 1,800 2,812 625 2,500 3,906
per element, $
Installed cost per 540 2,160 3,375 750 3,000 4,687
element®, $
Pressure Vessels®
Uninstalled cost 1,500 6,000 9,375 2,500 10,000 15,625
per element, $
Installed cost per 1,800 7,200 11,250 3,000 12,000 18,750
element ?, $

4 Assumed to be 1.2 times the uninstalled cost
® Vessels can hold seven 40-inch long RO elements (7M vessels)

A detailed installed cost estimate of the 8-inch, 16-inch, and 20-inch diameter seawater
RO trains were made from the BOMs. These detailed estimates and the associated unit
cost summary are presented in Appendix G.
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The RO train installed unit costs for the three element diameter cases (8-inch, 16-inch,
and 20-inch) for each source water (groundwater, surface water, and seawater) are shown
in Table 4-5 These unit costs are applicable to the full range of plant capacities
evaluated (12.5 mgd to 150 mgd).

Table 4-5.—Assumed RO Train Installed Unit Costs (All Plant Capacities)

Installed Cost ($/gpd)
8-inch 16-inch 20-inch
Groundwater Trains 0.333 0.217 0.201
Surface Water Trains 0.400 0.284 0.268
Seawater Trains 0.609 0.462 0.440

Notes:

1. Units costs based on permeate flow rate and are applicable to all plant capacities
studied (12.5, 25, 50, 100, and 150 mgd)

2. Installation costs assumed to be 20 percent of the uninstalled costs

4.4 RO Feed Pumping and Energy Recovery

The design assumed that the RO feed pumps would be installed in parallel in a “pumping
center”. One spare pump (and one spare energy recovery device for the seawater
facilities) was assumed for each case and installation was assumed to be 20 percent of the
uninstalled pump cost.

For each seawater case, a pressure exchanger “energy recovery center” is used.
Based on an assumed recovery of 45 percent, the waste concentrate flow (from
which pressure energy can be recovered) represents 55 percent of the feed flow.
With the pressure exchanger system, the waste concentrate exiting the RO trains
passes through a series of parallel pressure exchangers, where the pressure energy
in the concentrate is directly transferred to a portion of RO feed flow. The energy
transfer increases the pressure of the RO feed. The increased-pressure RO feed is
then further pressurized with a separate boost pump to that required by the RO
train (800 to1,000 psi, 55 to 69 bar). The remainder of the low pressure RO feed
flow (the portion which does not pass through the pressure exchanger,
approximately equal to the permeate flow rate) is pressurized by the RO feed
pumping center. The discharge from the RO feed pumping and energy recovery
centers are blended and flows to the parallel RO trains via the RO feed header.
The energy recovery system reduces the RO system feed pumping energy
requirement by approximately 50 percent.

Table 4-6 presents the assumed pump and energy recovery design criteria for all
plant capacities.
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Table 4-6.—Assumed RO Pumping and Energy Recovery Equipment

Groundwater Surface Water Seawater

RO Train Capacity: 12.5 mgd

RO Feed Pump

Pump Flow Rate, mgd 16.7 14.7 12.8
TDH, psi 235 190 1,000
Energy Recovery Boost Pump

Pump Flow Rate, mgd each 15.0
TDH, psi 45
Energy Recovery Pressure Exchanger

Concentrate Flow Rate, mgd 15.3
Concentrate TDH, psi 940

RO Train Capacity: 25 mgd

RO Feed Pump

Pump Flow Rate, mgd 33.3 294 255
TDH, psi 235 190 1,000
Energy Recovery Boost Pump

Pump Flow Rate, mgd each 30.0
TDH, psi 45
Energy Recovery Pressure Exchanger

Concentrate Flow Rate, mgd 30.6
Concentrate TDH, psi 940

RO Train Capacity: 50 mgd

RO Feed Pump

Pump Flow Rate, mgd 66.7 58.8 51.1
TDH, psi 235 190 1,000
Energy Recovery Boost Pump

Pump Flow Rate, mgd each 60.0
TDH, psi 45
Energy Recovery Pressure Exchanger

Concentrate Flow Rate, mgd 61.1
Concentrate TDH, psi 940
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Table 4-6.—Assumed RO Pumping and Energy Recovery Equipment

Groundwater Surface Water Seawater

RO Train Capacity: 100 mgd

RO Feed Pump

Pump Flow Rate, mgd 133 118 102
TDH, psi 235 190 1,000
Energy Recovery Boost Pump

Pump Flow Rate, mgd each 120
TDH, psi 45
Energy Recovery Pressure Exchanger

Concentrate Flow Rate, mgd 122
Concentrate TDH, psi 940

RO Train Capacity: 150 mgd

RO Feed Pump

Pump Flow Rate, mgd 200 176 153

TDH, psi 235 190 1,000
Energy Recovery Boost Pump

Pump Flow Rate, mgd each 180
TDH, psi 45

Energy Recovery Pressure Exchanger

Concentrate Flow Rate, mgd 183

Concentrate TDH, psi 940

Notes:

1. Assumed design based upon Calder AG's DWEER system
2. The TDH values shown are assumed to be the maximum total dynamic heads for
each case

45 MF/UF System

The surface (brackish) water and seawater cases use MF/UF as RO feedwater
pretreatment. Multiple, parallel immersed UF trains (including one spare train for
each case) were employed. Instantaneous flux rates for the surface water and
seawater cases were 20 gfd (34 Lmh) and 25 gfd (42.5 Lmh), respectively. For
both cases, UF system recovery was 95 percent and the maximum transmembrane
pressure was 11 psi (0.8 bar) (vacuum).

4.6 Building Area

It was assumed that all membrane process equipment and appurtenances and all pumps
were housed in buildings. Table 4.7 presents a summary of the assumed building areas
for the RO system and the entire treatment facilities for all of the cases. The areas were
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calculated by the computer model used for the cost estimates using input from the RO
train areas (see Table 4-3), the number of trains, and other design criteria which can be
seen in the CD which supplements this report. Areas for operator facilities, laboratory,
maintenance, or storage are not included.

4.6.1 Groundwater Cases

The groundwater RO facility and total plant building areas ranged from 5,500 to 6,500 ft*
(510 to 600 m?) and 10,500 to 11,500 ft* (975 to 1070 m?) respectively, for thel2.5 mgd
(47,000 m*/day) plant to about 59,000 to 75,000 ft* (5,500 to 6,700 m?) and 79,000 to
95,000 ft* (7,300 to 8,800 m?) for the 150 mgd (568,000 m*/day) plant. The unit RO
facility area ranged from 380 to 520 ft*/mgd (0.009 to 0.013 m*/[m’/day]) finished water
capacity. Considering all plant capacities, RO facility building area savings ranged from
15 to 25 percent by using elements with diameters larger than 8 inch. The RO facility
areas saving did not change much between the 16-inch and 20-inch diameter element
cases and the savings were least for the smaller plant capacity cases. The common facility
area elements, such as the membrane cleaning system, are a greater fraction of the total
area in the smaller plants. The total plant building area savings ranged from 9 to 22
percent by using larger diameter elements.

4.6.2 Surface Water Cases

For surface water cases, the RO facility and total plant building areas ranged from 8,900
to 10,200 ft* (827 to 948 m?) and 23,300 to 24,600 ft* (2,170 to 2,290 ft*) respectively,
for the12.5 mgd (47,000 m*/day) plant to about 74,000 to 96,000 ft* (6,880 to 8,920 m?)
and 142,000 to 164,000 ft* (13,200 to 15,200 m?) for the 150 mgd (568,000 m*/day)
plant. The unit RO facility area ranged from 490 to 820 ft*/mgd (0.012 to 0.020
m*/[m’/day]) finished water capacity. Considering all plant capacities, RO facility
building area savings ranged from 9 to 23 percent by using elements with diameters
larger than 8 inch. The total plant building area savings ranged from 4 to 13 percent by
using larger diameter elements. As in the ground water cases, the greatest savings in area
were realized in the larger capacity plants.

4.6.3 Seawater Cases

The RO facility and total plant building areas for the seawater cases ranged from 12,300
to 13,000 ft* (1,140 to 1,200 m?) and 30,100 to 30,800 ft* (2,800 to 2,860 m?)
respectively, for the12.5 mgd (47,000 m*/day) plant to about 133,000 to 150,000 ft*
(12,400 to 14,000 m?) and 238,000 to 254,000 ft* (22,100 to 23,600 m?) for the 150 mgd
(568,000 m’/day) plant. The unit RO facility area ranged from 890 to 1,040 ft* /mgd
(0.022 to 0.026 m*/[m’/day]) finished water capacity. Considering all plant capacities,
RO facility building area savings ranged from 0 to 11 percent by using elements with
diameters larger than 8 inch. The total plant building area savings ranged from 0 to 6
percent by using larger diameter elements. Again, the area savings were greatest in the
larger capacity plants.
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Table 4-7.—Assumed Building Area

Parameter Brackish Groundwater Brackish Surface Seawater
Water
RO Element Diameter: g | 16 | 20 | & [ 16 |20 | 8 |18 | 20

12.5 mgd Plant

RO facility, 1,000 ft?

6.5 5.4 5.5

10.2 9.3 8.9

13.0 13.0 12.3

% of 8" dia. area

100 84 84

100 91 87

100 100 95

1,000 ft* area/mgd

0.52 0.43 0.44

0.82 0.74 0.71

1.04 1.04 0.98

Total Plant, 1,000 ft?

115 10.5 10.5

24.6 23.7 23.3

30.7 30.8 30.1

% of 8" dia. area

100 91 91

100 96 95

100 100 98

25 mgd Plant

RO facility, 1,000 ft?

12.8 10.7 10.9

16.4 145 13.7

251 25.3 23.9

% of 8" dia. area

100 84 85

100 88 83

100 101 95

1,000 ft? area/mgd

0.51 0.43 0.43

0.66 0.58 0.55

1.00 1.01 0.96

Total Plant, 1,000 ft?

18.9 16.8 16.9

36.5 34.6 33.8

52.1 52.3 50.9

% of 8" dia. area

100 89 90

100 95 93

100 100 98

50 mgd Plant

RO facility, 1,000 ft?

253 18.9 19.7

32.0 26.3 24.6

50.0 47.9 445

% of 8" dia. area

100 75 78

100 82 77

100 96 89

1,000 ft? area/mgd

0.51 0.38 0.39

0.64 0.53 0.49

1.00 0.96 0.89

Total Plant, 1,000 ft*

34.1 27.7 28.5

64.2 58.5 56.8

96.8 94.7 91.3

% of 8” dia. area

100 81 84

100 91 88

100 98 94

100 mgd Plant

RO facility, 1,000 ft?

50.5 39.1 39.4

64.0 52.8 49.4

99.5 95.4 88.6

% of 8” dia. area

100 i 78

100 82 77

100 96 89

1,000 ft* area/mgd

0.51 0.39 0.39

0.64 0.53 0.49

1.00 0.95 0.89

Total Plant, 1,000 ft*

65.2 53.7 54.1

119 107 104

181 177 170

% of 8" dia. area

100 82 83

100 91 88

100 98 94

150 mgd Plant

RO facility, 1,000 ft?

75.3 58.2 58.7

96.1 79.2 74.2

150 143 133

% of 8" dia. area

100 77 78

100 83 77

100 96 89

1,000 ft? area/mgd

0.50 0.39 0.39

0.64 0.53 0.50

1.00 0.96 0.89

Total Plant, 1,000 ft?

95.1 77.9 78.5

164 147 142

254 248 238

% of 8" dia. area

100 82 83

100 90 87

100 98 94

Note:

1. Unit area based on finished water flow rate in mgd
2. Areas based on the RO train design models and building area calculations by CH2M HILL's
proprietary cost estimating model, CH2M HILL Parametric Cost Estimating System (CPES)
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4.7 Chemical Usage

The design established for the economic analysis used several process chemical
feeds depending on the specific feedwater source (refer to the process flow
diagrams, Figures 4-1 through 4.3). Table 4-8 list chemicals and associated doses
for each source water case. A small acid fed (5 mg/L) was assumed for seawater
RO -- although there are many seawater RO desalting plants not feeding acid.
Although not included in the table, chemical systems and associated costs were
also included for off-line membrane cleaning (CIP) and spent cleaning solution
neutralization.

Table 4-8.—Assumed Chemical Dosages and Unit Costs

‘ Groundwater Surface Water Seawater
MF/UF Pretreatment Coagulant
Ferric Chloride (40% strength)
Dose, mg/L | N/A* 25 25

RO Pretreatment

Sulfuric Acid (93% strength)

Dose, mg/L | 45 | 11 | 5
Scale Inhibitor (100% strength)
Dose, mg/L | 3 | 3 | 3

RO Post-treatment

Sodium Hydroxide (50% strength)

Dose, mg/L | 20 | 20 | 20
Sodium Hypochlorite (12.5% strength)
Dose, mg/L as Chlorine ‘ 4 ‘ 4 | 4

* N/A — Not applicable

4.8 Labor

The assumed operation and maintenance (O&M) labor staff for each case is shown in
Table 4-9. These estimates were developed based on CH2M HILL’s extensive
experience in developing O&M cost estimates for full-scale NF and RO plants over the
last 30 years, including work performed for the Bureau of Reclamation for the operation
of the Yuma Desalting Plant (CH2M HILL, 1993) and a published cost survey of full-
scale NF plants in Florida (Bergman, 1995).
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Table 4-9.—Assumed Plant O&M Staff

WTP Capacity, mgd

12.5 25 50 100 150
Groundwater
Operators 6 8 12 18 23
Maintenance staff 2 3 10
Office 1 2
Management 2 3
Total 11 16 24 35 43
Surface Water
Operators 10 12 18 27 34
Maintenance staff 4 6 9 14 18
Office
Management
Total 17 23 34 50 62
Seawater
Operators 10 12 18 27 34
Maintenance staff 6 9 14 21 26
Office 1
Management 2
Total 19 26 39 57 70
4.9 Results

A summary of the major assumptions and RO design criteria used in the study is shown
in Table 4-10.
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Table 4-10.—Assumed Values for Economic Study

Parameter Brackish Groundwater Brackish Surface Seawater
(High Flux) Water or Water Reuse
Application (Low
Flux)
RO Element Diameter: 8- 16- 20- 8- 16- 20- 8- 16- 20-
inch inch inch inch inch inch inch inch inch

Feedwater Salinity
Total Dissolved Solids, 2,200 930 38,000
mg/L
RO Pretreatment
Standard ? Yes Yes Yes
Screening; MF/UF with No Yes Yes
optional coagulant feed plus
“Standard”
Number of RO Trains
12.5 mgd WTP 2 2 2 2 2
25 mgd WTP 4 4 4 4
50 mgd WTP 12 4 4 12 4 12 6 4
100 mgd WTP 24 8 8 24 10 8 24 12 8
150 mgd WTP 36 12 12 36 15 12 36 18 12
RO Train Permeate Capacity, mgd
12.5 mgd WTP 417 6.25 6.25 4.17 6.25 6.25 4.17 6.25 6.25
25 mgd WTP 4,17 6.25 6.25 4.17 6.25 6.25 4.17 6.25 6.25
50 mgd WTP 4.17 12.5 12.5 4.17 10.0 12.5 4.17 8.33 12.5
100 mgd WTP 4.17 12.5 12.5 4.17 10.0 12.5 4.17 8.33 12.5
150 mgd WTP 4,17 12.5 12.5 4.17 10.0 12.5 4.17 8.33 12.5
Pressure Vessels per RO Train
Number of Pressure 99 38 24 149 57 36 179 68 43
Vessels — Plants of less
than 50 mgd
Number of Pressure 99 75 48 149 90 72 179 90 86
Vessels — Plants of 50 mgd
or larger
Number of Stages 2 3
Array/Staging — Vessel 2:1 4:2:1 1
Taper (approx.)
Number of 40-inch Long 7 7 7
RO Elements Per Pressure
Vessel
Pressure Vessel — Pressure 400 400 1,000

Rating, psi
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Table 4-10.—Assumed Values for Economic Study

Parameter Brackish Groundwater Brackish Surface Seawater
(High Flux) Water or Water Reuse
Application (Low
Flux)
RO Element Diameter: 8- 16- 20- 8- 16- 20- 8- 16- 20-
inch inch inch inch inch inch inch inch inch
RO Membranes
Permeate Flux, gfd 15 10 9
Specific Flux, gfd/psi® 0.13 0.10 0.024
Recovery, % 75 85 45
Fouling rate, % 5 10 5
Brine/permeate ratio 5:1 5:1 5:1
(minimum)
Active RO Membrane
Element Area, ft*
-- 8-inch x 40-inch Element 400 400 370
-- 16-inch x 40-inch 1,600 1,600 1,480
Element °
-- 20-inch x 40-inch 2,500 2,500 2,312
Element
O&M & Life Cycle Cost Analyses Data'
Feed Pressure (average), 220 185 920
psi
Feedwater Temperature 25 25 25
(average), °C
RO Membrane Life, year 5
RO Membrane Cleaning
frequency, “Number per
year
Plant Operating Factor (% 95 95 95
of time)
RO Feed Pump Wire-to- 68 68 68
Water Efficiency, %
Power Costs ($/KWH) © 0.06 0.06 0.04
Labor Cost, $/year’
-- Operators 50,000 50,000 50,000
-- Maintenance Staff 50,000 50,000 50,000
-- Office Staff 30,000 30,000 30,000
-- Management 80,000 80,000 80,000
Chemical Cost, $/pound (bulk chemical)
-- Ferric Chloride N/A 0.153 0.153
-- Sulfuric Acid 0.075 0.075 0.075
-- Scale Inhibitor 1.15 1.15 1.15
-- Sodium Hydroxide 0.146 0.146 0.146
-- Sodium Hypochlorite 0.532 0.532 0.532
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Table 4-10.—Assumed Values for Economic Study

Parameter Brackish Groundwater Brackish Surface Seawater
(High Flux) Water or Water Reuse
Application (Low
Flux)
RO Element Diameter: 8- 16- 20- 8- 16- 20- 8- 16- 20-
inch inch inch inch inch inch inch inch inch

O&M Repair and Maintenance Cost

-- Annual, % of 2 2 2
Construction Cost

Construction Cost Contingency

-- % of Construction Cost " 20 20 20

& Standard pretreatment = acid & scale inhibitor addition and 5-micron cartridge filtration

® Calculated as flux/net driving pressure

¢ Assumed to be 4 times area of 8-inch element

¢ Assumed to be 6.25 times area of 8-inch element

¢ Assumed reduced unit power cost for the seawater case reflects assumed co-location the RO
plant with a power plant

f Salary plus fringe benefits

9 Process chemicals (fed continuously)

_hConstruction cost contingency (calculated after contractor markup)

' Capital cost amortization: 20 year period, 5 percent annual discount rate

CH2M HILL’s proprietary cost estimating model, CPES (CH2M HILL Parametric Cost
Estimating System), was used to develop construction, O&M, and life cycle costs for
12.5, 25, 50, 100, and 150 mgd (47,000, 95,000, 189,000, 379,000, and 568,000 m*/day)
WTPs for each source water (brackish groundwater, brackish surface water, and open
intake seawater). Only treatment plant facilities were considered. Costs for off-site
facilities such as raw water supply, waste disposal (including concentrate disposal), and
finished water distribution system were not included. A plant operating factor of 95
percent was used for the annualized unit costs. A tabular summary of the CPES model
results for each plant capacity is included in Appendix G. Detailed costs are available in
the supplemental CD with this report.

A breakdown of the construction cost for each of the forty-five cases is shown in Tables
4-11 through 4-15. The unit costs (dollars per gpd of finished water capacity) decrease as
the plant capacity increases, reflecting an economy of scale. The 8-inch diameter RO
element plant total construction costs for the groundwater, surface water, and seawater
cases from 12.5 mgd (47,000 m*/day) through 150 mgd (568,000 m*/day) ranged from
$1.67-1.82, $3.04-3.63, and $4.69-5.34 per gpd, ($440-480, $802-958, and $1,238-1,410
m’/day) respectively. The 16-inch diameter RO element plant total construction costs for
the groundwater, surface water, and seawater cases from 12.5 mgd (47,000 m’/day)
through 150 mgd (568,000 m*/day) ranged from $1.33-1.49, $2.70-3.30, and $4.31-4.97
per gpd ($351-393, $713-871, and $1,138-1,312 m*/day) , respectively. Finally, the 20-
inch diameter RO element plant total construction costs for the groundwater, surface
water, and seawater cases from 12.5 mgd through 150 mgd ranged from $1.29-1.45,
$2.65-3.25, and $4.24-4.89 per gpd ($341-383, $700-858, and $1,119-1,291 m’/day) ,
respectively.
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Table 4-11.—Treatment Plant Construction Cost — 12.5 mgd

CHIM HILL CRES CONMITRUCTION | Srackich Ground  Erackich Growund  Erackich Ground | Brackich furfacs  Eracklch 2urfaos  Erasklch Surface ] i ] '] 1 U
COAT SUMMARY Waler §° Waber 167 Water 20" Water 3° Wabsr 12 Walsr 20" a 18" 20"
126 mgd ¥ Milllion) # MElion) & Millon) 4 Milion) ¥ MEmonj) i$ Milllznj 14 MEmon) 1% MEmon) i$ Milllzn)
UF system (Mate 1] 0.00 0.00 oLoo 10.23 10.23 10.23 13.24 13.24 1324
RO Byshem {Mode 2) B.00 £.74 4T 2.50 T.ET 7.3 18.13 16,58 1847
Di=gastier (Mot 33 0.2 0.2 o1z 0.00 0.00 0.0 0.00 2.00 2.3
Clzanws Mot 4 0.0 0.10 R ] 0.0 0.10 019 0.10 a.10 243
Froduct Trarsfer Pumps (Mote 5) 0.22 0.22 0.2z 0.22 0.22 022 0.22 2.22 22
Ground Storage & High 3envice Pumping
[Miote 55 288 288 1EE 288 288 =] 2.88 288 =]
Chemical 3torage & Handling (Hote T} 0.52 0.52 [ E-rd 1.07 1.07 107 1.28 1.28 128
2ubtotal - Faomsies 12.24 B.BE BT 24.38 2218 T8 3681 2337 328
Addibanal Frojsot Costs
Elbeswark 0.6* 0.50 1] 1.22 1.11 108 1.78 187 154
¥and Plaing 1.22 1.00 [E-r 2.44 222 bR ] 358 3.34 32
ard Slectrical bl 0.80 07E 185 137 174 288 257 253
Sant Compuser 0.E* 0.50 1] £ 141 108 1.7 157 154
Eudiolal - Additlonal Froject Costs 3.42 2.7% 7z E.B3 E.20 £.12 10,032 3,34 2.20
2ubdndal - Faollitlss plue Addsional
Frojsaf Cocbe 16.88 12.77 1243 31.22 ELE T 2780 45.83 42.71 4205
Conbractor Mark-ups (Mote 5 .33 272 1E4 E.E4 5.0 533 575 203 535
confingesnay 380 3.10 im 75T E.88 BT 11.12 10.38 10:20
Tofal Consfruailon Cost 22.78 18.58 1808 45.44 4127 40,80 88.70 B2.16 118
Total Constnecticn Sigpd $1.324 $1.487 1442 $3.835 $3.302 FE ] 26338 BL.072 14586
% of 8~ dla ooct 100.0% B1.5% T3 100.0% B0.8% R 100.0% B3.2M 1.7%

Mobes:

1. Inchades pretreaiment sirainers, immersed UF membrane traims with permease pumps, CIF and neuiralzation sysi=ms, mulipie backwash ponds (oased on CPES skatge drylng beds moded), below

gracie fitrate tank for backwash supply and RO f2ed, and bullding

P

for RO feed pumos basad unon Torlshima pump buSpRtary prices and enargy racovEry costs based upan Caer AS DIWEER pressune exchanger system busgetary prices.

Gmourd water cases only {shown as air sipper In CFEE modsks]; includes blomers

Assurmes below-grade rectanguiar ceanaed|

Called In-Flant Pumping Stasion In CFES; also assumes bulding

Ground siorage cost based on CFES Cleanved Model; assumes e cinculer above ground concreiz tanks
Incisces bulk siorage and chemical pursps for al process chemicals and RO spent ceaning neuiral lzadion sysiem
Creerhead, profli, mablization, bonds, Inswance cosis

I LI LU S P

[
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Table 4-12.—Treatment Plant Construction Cost — 25 mgd

CHIM HILL CPEE CONITRUCTION Eracklch Ground  Bracklch Ground  Erackleh Ground | Brackich furdase Eracklch Zurfase  Eracklch Surface 2 it a8 A 8 L
COAT SUMMARY \Watsr 87 Waktsr 187 Wiater 20" \Waksr 27 Watsr 187 Wiater 20" a” 18" zo"
ZE migd [ Millllon] # MElion] 2 Bllllo=) I3 Milllon] 13 MEman) % Millicn) 1$ MEmon) 1% MEman) 1% Milllon)
UF sysiem (Sote 1] o.co 0.0co ooo 15.82 1582 .42 21.12 b I I3
RO Sysbem {Nodz 25 16.29 11.73 1148 14.38 1355 35.48 30.82 a4
Degastier (Nl 3) 023 0.23 1] o.00 Q. 0.o0 2.00 2.00
Clzamws] [Nale 4) 0.1e 0.1e R[] 016 .15 0.16 0.16 215
Froduct Transfer Pumps (ole 5) 0.34 0.34 03 0.31 o 0.31 0.31 2.3
Ground S%crape & High Senvice Pumplng
i t=r )] 435 435 4.35 435 4.25 4,35 4.25 425
Chemical 3orage & Handing (Mot T} 1.15 145 1.36 1.36 1.38 1.58 1.58 153
Subictal - Faoistiss 17.83 1r.28 &p.82 820 dEEB BI.p2 ET.EB EB.EE
Addlbonal Frojeot Cosis
Elb=wsark 142 0.8s OEs .04 1.81 1.78 .15 2.89 2.
Yarnd Ploing 2.24 1.78 173 4.08 363 358 6.29 5.79 553
Yand Elecincal 1.79 1.43 i35 .27 2.90 .54 5.03 4,53 455
Fant Computer 1142 0.es oEs .04 1.81 1.78 315 2.89 2.
Bubiotal - Additional Froject Costs B.27 4.55 424 11.43 10.16 895 17.62 16.21 15392
Subioial - Faollitiss plus AddElonal
Frojsat Cocte 28.87 22.83 2213 82.24 48.46 4E6.61 B0.B3 T4.08 T277
Corfrastor Mark-upe (Moks B} B.10 £EE 47 1z 5.88 588 17.13 15.76 1548
Conlingsnay 6.85 5.4 E3T 2ET 11.37 1104 19.53 17.97 TES
Tofal Consfruation Cost 41.73 23.22 2 TE.0F BT.6R [ ] 117.20 107.82 10EED
Taotal Concbssticn Sgpd $1.289 $1.920 §1.388 $3.041 $2.704 f 28] 4888 BLo13 f St}
% of 8" dia sost 100.0% 7B.8% TTI% 100.0% EB.B% BT 1% 100.0% BI.0% SD4%

Motes:

1. Incheses pretrestment strainers, Immersed UF membrane trains with permeass pumps, GIF and neulrallzadion systsms, mulipie backwash ponds (sased on CPES skudge drying beds model), Delow

prace fHrase fank for backwash susoly and RO fzed, and buldieg

]

for RO f2ed pumps based upon Torlssima pump bucgetary prices and erergy recocyery cosis based upon Caider A5 DWEER pressure exchanger sysiem budgetary prices.

omon oW

[

. Ground water cases only {shown as air sripper In CFES modeis); Includes blowers
. Azsumes below-grade rectanguiar cheamane|

. ‘Cali=d In-Flant Fumping 3taden In CFES,; also assumes bullding

Emound storape cost based on CFES Cleanwel] Model; assumes fwo clroular above ground concreds fanks

. Inchases bulk storage and chemical pursps for al process chemicals and RO spent ceaning neulrallzation system
. Creerhead, profit, moblization, bonds, Inserance costs
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Table 4-13.—Treatment Plant Construction Cost — 50 mgd

CHIM HILL CPEE CONITRUCTION
COST SUMMARY

Eravklch Ground  Brackich Ground  Erackich Ground
Water 187

Water &7

Brackich furfaoe

EBraskish Jurfass  Eracklch Surface

Wiater 20" Water 8° wabsr 18" wiater 20 a 18" F g
50 mgd I Mlllion) 4 Mmlion} i Bullion) 4 Million) 1% Mmmanj {# Milllon} 1# Mmmanj 1$ Mmmanj % Milllznj
UF sysiem (Mot 1] 0.00 0.00 o.oo 25.EE 25.86 556 35.24 35.28 3524
RO Byster {Mode 2) 32.43 2277 27 3784 2817 6.5 70.94 59.53 5755
Degasiar (Mate 3) 0.46 0.46 045 0.00 0.o0 [l ] 0.00 .00 ala]
Cleanwel (Maote 4) 0.34 0.34 o 0.34 0.3 o3 0.3 2.3 2.3
Froduct Transfer Pumps (Mote 5] 0.52 0.52 ] [ .52 [:E->] 0.52 .52 152
Ground Storage & High 3envice Pumping
{Nioaz B) 5.85 5.85 EES .85 5.89 £.53 E.89 5.89 5.59
Chemical Scorage & Handing (Moo T} 1.63 1.63 183 1.58 1.38 135 2.0 2.0 240
Sublofal - Faoiies £2.24 32,58 21.62 T3.47 B3.71 2ar 118.26 104,88 10280
Addltisnal Frojsat Cosis
Bibawork 2.11 1.62 ] 3.E7 ERE] 312 5.81 5.25 514
and Ploing 222 128 ER H 7.34 .37 B4 11.62 10.50 1023
Fard Slectrical 3.38 264 152 £.87 .10 439 5.30 .40 523
Siant Computer 2141 1.63 128 31ET ERE] 342 .81 .28 544
Bubioial - Additional Froject Costs 11.83 5.42 822 20.54 17.88 1745 I2EE 23.40 2881
Sublofal - Facllities plus A ddsional
Frojsaf Coste 54.07 &1.70 4034 83.82 E1.64 THEY 148.86 134.38 131.71
contractor Mark-ups (Hote 8] 11.50 B.ET B35 558 17.35 15.88 H.ET 2855 Zaoz
caoniingsnay 13.1 10.12 578 2278 19.78 19,385 3610 32.59 31.95
Todal Conefruaflon Coet 78.88 80.88 B 13488 118.87 11818 2168.82 186.58 181,88
Total Constrestion $gpd $1.674 $1.214 1174 $2.734 82,873 42524 34,332 B3.B11 +3.E34
% of & dla vost 100.0% TTA% T4E% 100.0% BE.E% 6% 100.0% B0.8% BB

Motes:

1. Inchsdes pretresiment sirainers, Immersed UF membrane trains with pemeads pumps, CIF ard neutrallzadion sysi=ms, mubliple backwash ponds (based on CPES shedge drying beds modiel), below
prace fiiratse ank for backwash supply ard RO fzed, and bulding

[

for RO f=ed pumos based upon Torlshima pump budigetary prices and erergy recovery costs based upon Caicer AG DWEER pressure exchanger sysiem busgstary prices.

Mmook w

f

Gmound water cases only {shown as air sTipper In CFES models); Includes biowers
Azsurmes below-grade rectanguiar cearmasl|
Cali=d In-Flant Pumping 3taden In CFES; also assumes bulding
Gmund siorage costbased on CFES Cleanwed Model; assumes T circular above ground concreds tanks

Inciudies balk somge and chemical purmps for al process chemicals and RO spent ceaning neulralizaiion sysiem
Creerhead, proftt, moblization, bonds, Inssance cosis
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Table 4-14.—Treatment Plant Construction Cost — 100 mgd

CHIM HILL CPES CONITRUCTION | Srackich Ground  Erackich Ground  Srackich Ground | Brackich Surfacs  Brackich furfacs  Erackich Surfase Sexwatar Sexwalsr Saawatsr
COAT SUMMARY Water & Water 167 Wwader 20 Water 3 Wabsr 18 Wiader 20 a" 18" 20
100 mgd # Milllon) § MEllon) i Willllon) # MIllon) 1§ MEman) % Milllcn # Mamon) 1% Mamon) % Milllcn
UF sysiem (Mote 1] o.oo o.oo [l 43.2¢ 43.26 43328 60.38 50.38 €0.38
RO System (Mot 2) EE.E4 2578 4385 TE.S0 55,72 EEEE] 142,48 119.24 11432
DmgasHier (Mot 3) 0.s2 0.52 oSz 0.00 o.o0 [efaa] 0.00 .00 202
Cleanes] (MNote 4) 0.51 0.51 0= s 0.51 [=E-3] 0.51 a.51 .51
Froduct Transfer Pumps (Note 5) 0.81 0.81 0= 0.81 0.81 o o.e1 a.e1 a2z
Sround 2torage & High Sanics Pumping
(Mot 12.08 12.08 1208 12.08 1208 12.08 12.08 1238
Chemical 3tcrage & Handing (Mo T} 2.74 274 274 .23 123 4.23 4.2 423
Subictal - Faoisiss B2.7T0 B2.84 an.m™ 128.29 11880 MLET ZI0.48 187.26 18Z.E3
Addibsnal Frojsat Cosis
Bibework 413 i E.B2 5.83 -] 11.02 554
Yand Ploing B.27 EO7 .64 11.66 11.38 2208 1828
ard trical 562 4.2 0.5 5,33 ERT] 17.64 1543
Flant Computer 413 304 E.B2 5.83 ZE3 1102 EE-)
Buniotal - Additional Froje 2315 700 3815 3265 31.38 B61.73 5393
Subdotal - Facllitles plus Addional
Frojsod Coste 10585 BO.44 T 17T4.58 140125 14678 28218 2E2.4ET 2apED
Coniractor Mark-upe [Note B) 2238 17.11 714 31.75 3.0 60.02 53.71 5251
Contingsnay 380 18.54 BEE. 4234 36.20 3535 BE.24 51.24 =557
Tofal Consfruaflon Coot 164.04 117.08 11308 254.07 2T 242 410.88 38743 2ER20
Tots Concbreoticn $apd $1.840 117 i1 $2.841 $2.172 E - R 3 2,107 $3.874 3682
& of 8" dia vost 100.0% TE.0% THA% 100.0% EE.B% E2.6% 100.0% EB.E% ET.6%

Miotes:

1. Inchsdes pretreaiment strainers, Immersed U membrane rains with permeate pumes, CIF and neutralzadion s

gracie fifrase tank for backwash suoply anc RO f==d, and bwldieg

ra

Inchsdes carridge Skers, RO feed pumps, membrane alamands, prassune yessals, othar RO traim components, CIF systam, product water Sush (soface water and saawater cazes), and buliding

for RO f2ed purmps based upon Torishima pump budgetary prices and energy recoyery cosis based upon Caider AG DWEER pressure exchanger sysiem budgeiary prices.

S

p

; also assumes bullding

Ground water cases caly {shown as air sTipper In CPES meodels); Includes blowers
Azsumes beiow-grade rectanguiar cleanae|
Gallzd InFlant Pumping 3tadon In CFES)
Grourd storage cost based en CRES Cleanwed Model; assumes taT ciroular above ground concrets sanks
Inchsdies bwlk storage and chemical pumps for al process chemicals and RO spent ceaning neuirallzation s
Creerhead, profit, mokiization, bonds, Inswerance costs
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=ms, muliple backwash ponds (oased on CPES skdge drying beds model), Deiow

Assumed cosis




Table 4-15.—Treatment Plant Construction Cost — 150 mgd

CHIM HILL CPES COMITRUCTION | Srackich Ground  Bragklch Ground  Erackich Ground | Erackich Surface  Eracklch Zurfzos  Eraokich Surface | & 1 ] i 1 i
COAT SUMMARY \Waker £° \Watker 187 Wader 20" \Waker 2° Wabsr 18" Wader 20" a 18" 20
150 migd [# Milllon) I# Mulion) & Milllon] % Milllon) 13 MEmon) 1$ Milllan 13 MEmon) 1% MEmon) # Milllzn)
UF sysi=m (Maobe 1] 0.00 0.00 0.00 g £5.25 5325 B3.ET 5381 381
RO System {Mose 2) 55.10 5884 ESE4 19555 5547 E1.35 21683 12018 17327
D=gasiter (Mate 3) 1.38 1.38 138 0.00 0.00 0o 0.00 0.00 0.9
Cleanwel (Maote 4 0.70 0.70 07D 0.70 0.70 o7 0.70 .70 a7
Froduct Transfer Pumps (Mote 5) 1.07 1.07 107 1.07 1.07 107 1.07 1.07 147
Ground Storage & High 3envice Pumping
|tz §) 17.34 17.34 1734 17.34 17.34 17.34 17.24 17.34 17.34
Chemical Storage & Handing (Mot T} 378 31.7E iTs 4.47 247 447 .00 5.00 5.0
Subtodal - Faossies 123.38 B3.08 28,80 188.38 18831 18418 Z24.87 IEE.B2 ZE1.80
Addibanal Frojsot Costs
Eibawork .17 488 4.4% .42 21 16.22 14,88 14.12
rand Ploing 1233 5.3 ] 1683 1842 3248 2E.8E 2545
rand Slecirical 5.87 7.45 TS 1348 13143 2536 2314 I2E5
Fian: Computer .47 £.ES 4.4% B.42 21 16.22 14.88 14.10
EBubioial - Additional Froject Costs 38,54 26.07 47 4713 4557 50.85 50.87 T893
gubdoial - Faollitiss pluc Addsional
Frojeof Cosbs 167.88 118.18 11807 254.83 216.43 HiA8 41632 BER.BE 280,84
Contractor Mark-ups [Hote 8] 3358 25.35 24.48 £4.02 4583 4471 BE.ZE TH.ES TETT
caniingsnay 36.30 28.50 T E1.88 5228 05T 100.74 BS.ET ET.E2
Tofal Consfruailon Cost 220.77 173.41 18748 588.556 313.62 0668 g04.41 EXE.00 E2E.12
Total Constrection Sigpd $1.532 $1.158 1 $2.484 $2.080 42,058 Ba.028 §3.687 5,601
% of §” dla oot 100.0% TE.E% T 8% 100.0% BB EIEW 100.0% EE.0% W

Mohes:

1. Inchades pretreaiment sirainers, iImmersed UF membrane traims with permease pumps, CIF and neuiralzation sysi=ms, mulipie backwash ponds (oased on CPES skadge drylng beds moded), below
prage fiirae ank for backwash supply and RO fzed, and ballding

Inchedes cariridge fikzrs, RO fesd pumps, membrane elements, pressure vesse’s, other RO traim components, CIF system, product waler sh (soface wader and seawaier cases), and bulding. Assumed cosis
for RO f=ed pumps based upon Torishima pump budgetary Crices and erergy recovery cosis based upan Caicer AG DWWEER presture exchanper sysiem bucgetary prices.

Gmourd water cases only {shown as air sipper In CFEE modsks]; includes blomers

Assurmes below-grade rectanguiar ceanaed|

Called In-Flant Pumping Stasion In CFES; also assumes bulding

Ground siorage cost based on CFES Cleanved Model; assumes e cinculer above ground concreiz tanks

Incisces bulk siorage and chemical pursps for al process chemicals and RO spent ceaning neuiral lzadion sysiem

Creerhead, profli, mablization, bonds, Inswance cosis

P

I LI LU S P

[

50




Figure 4-10 graphically presents the unit construction costs in $/gpd for all forty-five
cases. For each source water, the unit construction costs decrease as the RO element
diameter increases. The unit cost differential decreases as the plant capacity increases —
the incremental benefit of economy of scale lessens as the capacities get larger.
Additionally, the drop in unit cost is much greater going from 8-inch to 16-inch diameter
elements than from 16-inch to 20-inch elements. This can be seen in Figure 4-11 (and
Tables 4-11 through 4-15). As an example, for the 50 mgd (189,000 m*/day) brackish
groundwater case the plant construction cost is 23 percent less for 16-inch and 25 percent
less for 20-inch element plants than for 8-inch. For the 50 mgd (189,000 m®/day) surface
water cases, the plant construction cost is 13 percent less for 16-inch and 15 percent less
for 20-inch element plants. Finally, for the 50 mgd (189,000 m*/day) seawater cases the
plant construction cost is 10 percent less for 16-inch and 11 percent less for 20-inch
element plants.

Figure 4-10.—Unit Construction Costs

Unit Construction Costs

$6.00
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Figure 4-11.—Total Construction Cost, % of 8-inch Diameter Element Plant
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The percent cost savings realized by increasing RO element diameter from 8-inch to 16-
inch and 20-inch is most pronounced with respect to RO facility cost -- as shown in
Figure 4-12 and presented in Appendix G. Again using the 50 mgd (189,000 m*/day)
capacity plants as examples, for the brackish groundwater case, the RO facility cost is 30
percent less for 16-inch and 33 percent less for 20-inch element plants than for 8-inch.
For the surface water cases the RO facility construction cost is 25 percent less for 16-inch
and 29 percent less for 20-inch element plants. Finally, for the 50 mgd (189,000 m*/day)
seawater cases the plant construction cost is 16 percent less for 16-inch and is 19 percent
less for 20-inch element plants.
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Figure 4-12.—RO Facility Construction Cost, % of 8-inch Diameter Element Facility
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Tables 4-16 through 4-20 present the operations and maintenance (O&M) costs for all of
the cases, broken down by facility. The unit costs (dollars per 1,000 gallons of
production at 95 percent plant operating factor) decrease somewhat as the plant capacity
increases (but not as significantly as for construction costs). The 8-inch diameter total
O&M costs for the groundwater, surface water, and seawater cases ranged from $0.60-
0.70, $0.80-1.05, and $1.31-1.58 per 1,000 gallons ($0.16-0.19, $0.21-0.28, and $0.35-
0.42 per m’) respectively over the plant capacity range examined in this study. The 16-
inch diameter O&M costs ranged from $0.58-0.68, $0.78-1.04, and $1.29-1.56 per 1,000
gallons ($0.153-0.180, $0.206-0.275, and 0.341-0.412 per m’, respectively, while the 20-
inch diameter O&M costs ranged from $0.58-0.68, $0.78-1.04, and $1.28-1.56 per 1,000
gallons ($0.153-0.180, $0.206-0.275, and $0.338-0.412 per m’), respectively. These
ranges are illustrated in Figure 4-13.
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Table 4-16.—0&M Cost By Facility — 12.5 mgd

ora ] foied o F=3 T K = [ aehl=l odlTaLe k| = 2 D] K ]
CH2M HILL CPES O&M COST SUMMARY wiatar & Water 16" Watar 20° Watar 8 Wiatar 15" Water 20” Seawater 8" Seawsfer 16" Seawater 207
125 mgd /& MIIoniyT) 7% MilloniyT) T& MillonryT) & Moy 15 MianiyT) 7% Mzt T& MlloniyT) 15 MonryT) 75 MTonAyT)

LUF system [Note 1) 000 $0.00 50.00 5123 s1.23 $122 §172 5172 172
RO Systam (hote 2) $1.17 ETRL 51.10 5120 $1.15 §1.14 5283 5279 5278
Ciagasifier (Mote 3) 000 5000 50.00 s0.00 50000 $0.00 s0.00 s0.00 50.00
Clganwal (Note 4) 50.00 5100 50.00 s0.00 50000 $0.00 s0.00 s0.00 50.00
Froduct Transler Pumps (Noe 5) 5008 5106 50.08 5005 006 $0.06 5004 5004 5004
Ground Siorage & High Serdce Pumping
[Hote ) 047 5167 5067 067 s0ET s057 50.43 50.43 50.43
Chemical Storage & Handling (Ko T) £0.43 5046 5028 50,42 5042 $042 5061 5061 3061
Fiapalr & Malntenance (Nots B} 5003 50.04 50,04 5009 5008 50,08 5014 5013 5012
&M Labar 5053 5150 50.59 5089 ] 032 s0.09 5099 5009
Tatal $3.03 $235¢ 4285 $4358 $4.51 $4.50 $cas $677 4675

411,000 galions {Naie 0) 40538 0,682 $0.680 1.053 $1.041 $1.032 $1.576 51,861 §1.557
TioizE

1. Inchudes pretreatment sTainess, Immarzed UF membrane irains with permeate pumps, CIP and neutralzation systems, mulipls backwash ponds (based on CFES sudge drying beds model), below
grade fifrate {zni for backwash sUEphy ang R0 feed, and bulding

Inchudes cartrioge filiers, R fe20 pumps, membrane Slements, prassune vasssls, olher RO Irain companents, C1° sysbem, product water ush (surface waler and seawaler cases), and oullding
Ground waler cases only (50w 38 ar siipper In CPES mooels); INcuces blowers

ABEUMES below-grade rectanguiar cieanwell

Called In-Flant Pumping Stalien In CPES: ais0 assumes bulzing

Ground Slﬂ_dy oost based on CPES Cleanwall Mogel, assumes two clrcular above g?}l.l'lj concrete tanks

Inchudes buk shorage and chemical pumps for & process chemicals and RO spent deaning neulralzaion syskem

Called Stangar Bems In CRES

Annual produciian & 85% pland fackor = £,334_ 375 Kgal'yr

LR U ol o
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Table 4-17.—0&M Cost By Facility — 25 mgd

Bracs. 7 ECRTE T AR T ECRTE SUTTALS ACRET SOass 3 B g
CHZM HILL CPES Q&M COST SUMMARY Water & ‘Water 18" ‘Watar 20 ‘Watar 8" ‘Water 18 Veatar 20" Sagwater 8" Seawater 18" Seawater 20
25 rgd [% Milllandyr) 1§ Millloniyr) & Millionyr) & Mlloniyr) [5 MIllondyr) [5 Milllondyr) ¥ Millioniyr} 1§ Moy 1§ MIlllanyr)

LF gystem (Mote 1) £0.00 30.00 30.00 3212 212 §2.12 3210 32.10 3210
R Systam {Mote 2} $235 3222 3222 3224 213 82.11 3565 3052 3544
Ciegasifier (Mole 3) §001 0. 5001 50.00 §0,00 S0.00 S0.00 50.00 S0.00
Clearwall (Note 4) 000 30.00 $0.00 $0.00 000 .00 S0.00 F0.00 S0.00
Product Transler Pumps (kiote 5) 012 s0.12 3012 3012 012 012 30.03 30.03 30.03
Ground Slorage & High Sersice Pumping
(Mobe &) $1.30 31.20 §1.30 §1.30 $1.30 51.30 5091 5091 5091
Chemical Storage & Hanaling (Hote 7) §0.32 30.82 50032 5050 $0.80 $0.80 5113 5113 5113
Repalr & Malntenance (kote £) 006 30.07 30.07 3015 014 8013 3024 30z 3022
&M Labor §0.85 F0.ES $0.35 1.3 $1.20 5120 5135 §135 5135
Tofal $554 5543 $5.43 $7.55 $7.62 7T $12.53 $12.38 $12.34

411,000 galions | Mate 9) $0.550 0833 $0.633 50.5907 $0.302 20.835 $1.445 51.428 1424
e

1. Inchudes pretreamment sTalners, Immersed LS membrane tralns with pemmeats pumps, CIP and neutralzalion systems, mutiple bactwash ponds (based on CPES sudge drying bads model), Delow
grade filira%e |5k for backwash SUEEly ang A fesd, and bulkding

Inciudes cartrioge fters, R 220 pUMPS, MEMBrane SISments, Dressune vassets, other RO fram companents, S0P system, product water NUEN (surtace waler and seawaler cases), and bulling
(Zround waler caB2E only (SN0wn 35 ar siipper In CPES mogels) Inciuoss Diowars

Assumes below-grade rectangular ceanesl

Called In-Flant Pumping Stabior In CPES; a5 assumes bulzing

Ground storage cost based on CPES Clearwal Mooel 3ssumes two clrcular above ground concrete tanks

Inchudes buk storage and chemical pumps for & process chemicals and RO spent deaning neulraization system

Called Sandard Bems In CPES

Annual production & 35% plant factor = 5,668,750 Kgal'yr

D ms o ko g
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Table 4-18.—0&M Cost By Facility — 50 mgd

=] : =R T G SRS SUTTACE R A =1l
CH2ZM HILL CPES DEM COST SUMMARY Viatar & water 16 Wwatar 30" Watar Viatar 15" water 207 Segwater 8" Seawater 16" Seawater 20"
50 mgd [ Millloriyr) 7§ MlllzriyT) & Milioniyr) & MillioriyT) & Maliniyr) 1% MlllonyT) & MilcnryT] & Mz 1§ Mz
L= gystem [Mote 1) 50.00 50.00 50.00 5389 5388 53.88 3562 3552 3552
RO Sysiam [Nate 2) 5458 3441 54.38 54.43 5437 437 51128 EAlL-] §10.95
Dagasiiar (Mot 3) s0.04 S0 s0.01 50.00 50,00 $0.00 50.00 50.00 50.00
Clearwal (Noe 4) s0.01 SO0 50.01 50.01 s0.04 s 50.01 50.01 s0.01
Froduct Transfer Fumps (Note 5] 5024 $0.24 50.24 §0.24 50.24 $0:24 §1.78 §1.78 §1.73
Groung Storage & High Sendce Pumgping
{Mote E) 5258 §258 5258 5253 52.5E 5256 50.16 50015 50.15
Chemical Slorage & Handling (Mot T) 142 182 51.82 5158 §1.56 5156 5234 5234 5234
Feapalr & Malntenance (Nok B} S0.15 $0.12 50.12 50.23 50.24 024 §0.44 50,40 50.39
&M Laber $1.26 §1.26 §1.26 §1.76 $1.76 5176 5201 5201 3201
Total $1075 $10.45 $10.42 $1475 $14.51 $14.50 $23.88 $2352 $23.48
$/1,000 galiona [Note ) $0.820 $0.603 $0.501 $0.851 $0.837 $0.835 $1.378 $1.357 $1.352

(1=

1. Inchudes preeatment sTaIners, Immersed LS membrane iralhs with permeats pumps, CIP and neutralization sysbems, mutiple bacoassh ponds (based on CRES sludge drylng beds model), below
grade filirate tni Sor backwssh sUpply and A fesd, and bullding

Inciudes cartrioge fiers, FiC f2ed pUMpPS, MEMBrane SlSMents, DreEsUrne vassals, ather RO irain companents, C19 system, procduct water UsN (surtace waler and seawaler cases), and oulling
(Zround waler CaEEE only (SN0WN 35 & spper In CPES mogek ) INciudes Dlowsns

ABsUMES below-grade reciangular cieansell

Calleg Fangard Reme In CPES

EE R ]

Calied Irn-Plant Pumpirg Station In CPEE; akko assumes bulding
Ground shorage cost based on CPES Clearwal Moded; assumes two circular abave ground concrete tanks
inchudes bulk storage and chemical pumps for & process chemicals and RO spert ceaning neulralization syskem

. Annual production &t 35% pian: fackor = 17,337,500 Koshyr
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Table 4-19.—0&M Cost By Facility — 100 mgd

o ; e 7 T i RIS SUTTAS ACRETT SOTas 3 8 g
CHZW HILL CPES O&M COST SUMMARY Watar & Water 18" Watar 20" Wwatar 8" Watar 18" water 20" Sgowaber 8" Sogwater 18" Seawatsr 207
00 mgo & MInTyT) 7% MllioryT) T& Moy T& Moy 1% MlioniyT T MITTonyT) & WionryT TE MilicniyT) 7% Moy
LIF system [Moke 1) 5000 $0.00 50.00 57.31 £7.31 §7.21 51117 FILI7 FIL17
RO System (Note 2 £0.37 32ED 3875 3584 5534 £330 32238 s21.01 52181
Dagasiier (Note 3) 5002 5003 50.03 30.00 $0.00 $0.00 30.00 0.0 0.0
Clearwal (Mot 4) s0.01 $0.01 50.01 30.01 50.01 s0m 50.01 50.01 50.01
Product Transfer Pumps (Notz 5] 5047 3047 50.47 50.47 £0.47 047 0.3 5032 s
Groung Storage & High Sardce Pumping
[Mite ) 5523 3523 3523 3523 5523 522 3260 3360 3360
Cnemical Slorage & Hangling (Nodz 7) $352 s2E2 5352 5313 £3.13 5313 3467 3467 3467
Fezpalr & Walntenance (Mo &) 50.31 50.24 50.23 s0.52 50.24 $0.43 3063 075 50.73
D&M Labor £132 $1.62 5182 5257 £2.57 27 520 520 s2m
Total $20.80 $20.32 $20.15 $28.08 2750 2745 £4c08 $a538 $4524
$1,000 gallone Motz 9 40,502 $0.583 $0.551 50810 $0.733 $0.732 $1.39 $1.308 $1.305
TeiEE

1. Inchudes prefreatment sialners, Immersed UF membrane rains with permeats pumps, CIP and neutralization systems, multliple baciowash ponds (based on CPES sludge drying bads model), below
grade filrate tani for backwash supply and A fesd, and bulking
Inchudes carinoge fAillers, RO fesd pUmps. MemBorane elements, pressure vessels, olher RO train companents, C1F syshem, procuct water Nush (surace water and seawaler cases), and bullding
Ground waler cases only (Shown a5 alr siripper In CPES models]; Inciudes blowars
Azsumes balow-grade rectangular ceanwell
Galied In-Plant Pumping Station Im CPES; aiso assumes bulcing
Ground storage cost based on CPES Clearwall Moge!, assumes two circular abowe ground concreie tanks
Inchudes buk storage ard chemical pumps for & process chemicals and RO spent deaning neutralzation syslem
Called Siandard Remes In CPES
Annual produchion &t 35% plant factor = 34,675,000 Kgalyr

Lo = ol )
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Table 4-20.—0&M Cost By Facility — 150 mgd

—— o T 0 [ 3 o] A E Y | g T ] ACEIEN &
CHZM HILL CPES O8M COST SUMMARY Water & water 18" Watar 207 Wwatar 8" Watar 18" Water 20 Seowater  B"  Seawster 16" Seawater 207
150 mga 1 MIonyT) 1% MlloniyT) & WiitoryT) & Miloniyn 1 MlloniyT) 7% MTloniyT) & WiioniyT) T& Moy & MlioniyT)
L= sysiem (Mot 1) 50,00 $0.00 50.00 51068 $1058 F10.69 51646 51645 51645
RO Systam (Note 2 51407 $12.20 F12.11 §12.27 £12.47 £12.40 53337 53287 $3270
Dgaeifiar Nole 3) 004 $0.04 50.04 5000 0.0 $0.00 5000 50.00 500
Clearwal (Noes 4) oz $0.02 50.02 i) 5002 s0.02 02 50.02 S0
Froduct Transler Fumps (Nte 5 $0.71 $0.7 50.71 §0.71 S0UT1 071 50,43 50.43 50,43
Ground Siorage & High Serdce Pumping
[Mote ) 5512 $8.12 35.12 5812 5812 312 3558 3558 3558
Cnemical Slorage & Hanling (Nose 7 $5.41 5541 55 41 5467 B4 ET S4ET SE.09 5699 3600
Fiapalr & Malrtenance [Note E) 047 3035 50.34 5075 S0E4 052 5123 5100 3107
&M Labor 5220 $2.20 52.20 5315 £315 2318 3355 5355 3355
Total $31.04 £30.08 $23.98 £4138 4047 $40.39 $ce.18 $c7.08 $ooes
$71,000 gallons (Mote 9 $0.537 $0.578 $0.578 50.738 $0.778 0778 $1.311 $1.289 $1.285
TioieE

1. Inchudes prefreaiment stalners, Immersad UF membrane frains with permeate pumps, CIP and neutralzation systems, mulllple backwash ponds (based on CPES sludge drying beds madel), below
qgrade fifira"e tani %or backwash supply and AC Teed, and bulkding

Includes cartrioge fillers, RO feed pumps, membrane lements, pressune vessels, other RO frain companents, CIP system, procduct water fUsh (surace water and seavwaler cases), and bullding
Ground waler cases only (ENowN 35 ar strpper In CPES models); Incluces blowers

Azzumes belasgrade rectangular cieansell

Called In-Plant Pumping Station In CPES; a0 assumes bullding

Ground shorage cost based on CPES Clearwel Mool assumes two circular abave ground concrete tanks

Inciudes buk storage and chemical pumps for @ process chemicals and RO spent deaning neutralzation svelem

Called Standard Rems In CPES

. Annual production &t 35% plant factor = 52,012,500 Kgalyr

B N fefd f
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Figure 4-13.—Unit O&M Costs

Unit O&M Costs
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Tables 4-21 through 4-25 present a breakdown of the O&M costs by category (power,
chemicals, membrane and cartridge filter replacements, repair and maintenance, and
labor) for all forty-five cases. Power costs, primarily for process equipment power usage,
were the greatest single O&M cost item. For brackish groundwater cases, equipment
power costs for all element diameter systems were about $0.32-0.33 per 1,000 gallons
($0.084-0.087 per m’) over the range of capacities. Power costs for all surface (brackish)
water cases were similar at approximately $0.30 per 1,000 gallons ($0.079 per m®). For
seawater cases, power costs were approximately $0.55-0.56 per 1,000 gallons ($0.145 to
0.148 per m’) or nearly twice that for the brackish cases due to the significantly greater
RO feed pressure requirements and lower recoveries. Chemical costs were the second
highest O&M cost for all cases, except for the 12.5 mgd (47,000 m*/day) groundwater
system (where it was third). Chemical costs for groundwater, surface water, and seawater
plants ranged were approximately $0.10, $0.20 to 0.24, and $0.31 to 0.34 per 1,000
gallons ($0.026, $0.053 to 0.063, and 0.082 to 0.090 per m’), respectively. Again,
seawater costs were highest due to the RO feedwater flows and associated chemical costs
for pretreatment.
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Table 4-21.—0&M Cost By O&M Category — 12.5 mgd

GHIM HILL GFEZ GAM COST 2UMMARY | prackich Ground  Eracklsh Ground  Eracklch Ground | Eracklch Surface  Eracklch Surfage  Brackich Surfacs ] 1 ] d semwater
[Pzt 1) wiader 8" Wiader 18 Wiater 20" water g Wiater 18 Waber 207 " 18" 20"
§Mmmon % of  $Millon %ol S Mllllom  %of [EMilen  %of $Mimon %ol $Millon  S%of [$MiBon %ol  FMilllen  %of  EMillllon % of
128 mgd P Yaar Todal parvear Tofal  peryear Tobts |psrvear Tobal peryYear Tolal  pervesar  Tobsl | per vear  Tolal par Y aar Tokal par vear  Tofal
Fowsr
Equipment Pomer 51.38 430%  F1.38 474% §9.38 aTa% | F13 28.8% 51.31 TEA% 5134 TE.I% 5238 24.8% 5233 3E6.0% 5238 35.4%
41,000 galions $0.322 #0522 $0.333 00303 20,503 §0.303 B0.660 0.EED $0.EED
Eulding Power 50.01 (X3 0.1 0.4% 0.0 0.4 % FOL0E 0.8% $0.02 0.E% 50.02 0E% $1.02 0.3% S0L02 0.3% F0.02 0.3%
471,000 gallonc $0.003 0,002 $0.002 20008 20.008 J0.008 $0.006 0006 20,006
Butotal - Power 51.41 434% E140 4TE% §1.40 ATE% | $134  2pa% 51.34 THE%  51.34 ET% 5241 26.3%  f24 36.8% 244 6T
41,000 gallons $0.324 $0.524 j0.334 40,508 $0.308 jo.ass $0.666 $0.6E6 27 566
Chemisals (Mot I} 50.45 148%  B045  164%  S04E 164% | §102  22.9% 5108 23A%  51.04 3% 5147 21.6% 5148 21.8% 145 218%
41,000 gallons $0.104 $0.106 $0.105 0236 80.240 §0.2449 B0.338 #0541 0241
UF MemBrans Elsment Replacamenis 50.00 0% 50,00 0.0% £0.00 0.0% F0.2T 6.8% §127 B 50.27 BA% 51.37 E.6% 5037 6.5% F03T E.8%
471,000 gallonc $0.000 0,000 $0.000 f00082 20.082 40.082 $0.088 0,088 0088
R Membrans Elemant Seplacemants 50.14 4.8 50.14 4.8% £0.14 LEW 0.3 4.7% 5021 4TH 50.24 AT% 50.35 E.2% 5035 E.2% 5035 E.4%
41,000 galions $0.033 0,038 $0.023 00048 20,088 $0.04% 20.082 0,082 0082
Cariridge Fllber Repiaoemsnbs 50.0 1.2% 5004 1.9% 50.04 1.3% F0.03 0.7% 5003 0.TH 50.02 0.T% 5008 0.8% 0008 0.8% 5005 0.8%
71,000 gallons $0.008 0008 $0.008 0008 80,008 j0.008 B0.014 #0014 014
Fepalr & Malriananos 50.40 135%  §0.33 114%  §0.32 10.6% | FOE0  1T.8% 5073 18.2%  50.72 16.8% 51.18 17.3%  §1.40 18.2% B0 18.0%
$/1,000 gallonc $0.083 $0.07E $0.074 200186 20.188 §0.188 $0.272 $0.263 0348
D&M Labor 50.55 19.6%  B0.53  20.0%  FO.ES 0% | FOES 1B 50.85 18.7%  50.8% 18.E% 50.55 14.6% 5053 14.8% 055 14T
/1,000 galions $0.138 0,138 $0.128 20206 30.208 §0.208 $0.228 $0.228 0,228
Total 53.03 100.0% 5295 100.0%  F255 100.0% | F4.55 100.0%  S451 100.0%  FES0  100.0% | $6.53 1000% ST 100.0%  FETS  100.0%
/1,000 gallons $0.888 20.BE2 §0.880 #1.063 81.081 §1.038 ¥1.678 #1.581 #1667

1. Annual proeciecton at 5% plant facior = £,334, 375 gaiyr
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Table 4-22.—0&M Cost O&M Category — 25 mgd

CHEM HILL CGFEZ DBM COET JUMMARY | grackich Ground  Eracklsh Ground  Brackich Ground | Bracklsh Zwurlacs  Eraokish Surface  Braokish 3urtaoe ] I B g seawater
[Pzt 1) Wwiater 8" Wiader 18 Wiader 20" \rater g Wiatsr 18 Waber 207 a" 18" 20
§Mmmon % of  $Millon  %of S Mllllon  %of [EMlNon  %of  §Mimon S%of  $Milllon  Sof [$MImon  %o!  FMilllon  %of  EMillllon % of
& migd T YEar Todal par ¥Yaar  Tosal por ¥ear Toba |parvear Total per vear  Tobal  per vear Tobw pear Yaar  Tofal par Yaar Tokal par Ysar  Tosal
Fowsr
Equipment Power 52.78 495%  SZTE G0N FLTE BOT% | F254  32.0% 5258 E2E6%  §2.54 E2E% HTE 28.0% 76 38.5% TS 38.8%
471,000 gallonc $0.321 #0531 $0.33 $0EE $0.283 §0.283 $0.660 066D 20.EED
Eulding Power 50.02 5% 50002 0.9% £0.02 0.E% 5004 0.5% $0.04 0ER 50.04 0.E% 5104 0.4% 50.04 0.9% £0.04 0.9%
41,000 gallons $0.002 $0.002 §0.002 0,004 $0.004 jo.0a4 $0.008 40,008 40004
Eubiotal - Power 52.80 48.7T%  SI.B0  E1.0%  §2E0 El0% | §2S5  32.4W 5258 BZE% 5258 0% 54.50 28.0% 5450 3B.8% 5450 38.8%
41,000 gallons $0.323 #0523 j0.223 $0URET $0.287 §0.287 B0.564 $0.564 6B
Chemioals (Moo 2} 50.89 16.,6% 5030  18.3%  §0.51 166% | F155  25.4% 51.58 241%  §1.88 24.2% 52.50 224% AR 22.8% 252 228%
471,000 gallonc $0.103 0,108 $0.108 0.6 $0.217 j0.17 $0.323 0526 200326
UF Memb Elsment R 4 50.00 [ 50,00 .05 £0.00 0.0% 5047 0% 5047 BA% 50.47 BA% SUET E.4% S0.ET E.4% E0ET EE%
41,000 galions $0.000 0,000 $0.000 0108 20.108 J0.108 30.168 20168 20168
RO Msmbrans Elsmant Beplacemants 50.28 0% 50.28 5.2% 5028 E.I% 5042 E.0% 5043 EA% 50.43 E.E% 50.71 5.8% 50.71 E.T% 50.71 ET%
41,000 gallons $0.033 #0053 §0.033 00048 30.048 §0.04 $0.082 #0082 0082
Cartridge Flitsr Repiaosmsnte 50.08 1.5% 50,08 1.4% 50.08 1.4% F0.07 0.8% 5307 0ER 50.07 0E% 5313 1.0% 5013 1.0% 5013 1.0%
471,000 gallonc $0.008 20,008 $0.008 200008 20.008 jo.008 20014 20014 00014
Fepalr & Malniananos 50.74 13.1%  §0.53 0.7 FOST 104% | F134  18.8% 51.15 16.5%  51.97 16.0% 5207 18.6%  §1.30 16.4% FIET  16.1%
/1,000 galions $0.085 0,088 j0.088 20U1EE 20.138 §0.135 20.238 $0.220 0218
T&EM Labor 50.85 16.1%  S0LB5  16.6%  FOES 16.6% | ¥120  16.1% 51.20 165%  §1.20 16.4% 51.35 10.8%  §1.35 10.8% 135 10.8%
/1,000 gallons $0.088 0088 j008s #0138 $0.138 j0.138 30.168 #0168 #0168
Tatal 3554 100.0%  F543  100.0%  FS45  1000% | STSS 100.0%  ST.E2  1000%  5T.9 100.0% | S92.53  100.0%  $12.33  100.0%  FIZ34 A00.0%
$/1,000 gallons $0.850 $0.B33 $0.833 8T 30,602 §i0.859 81,848 #1428 #1424

1. Annual predecton at $5% plant facior = 8,668, 750 Mgaiyr
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Table 4-23.—0&M Cost O&M Category — 50 mgd

GHIM HILL CFEZ G:BM COST JUMMARY | gragkich Ground  Eracklsh Ground  Eracklch Ground | Bracklch Surfacs  Eracklch Surface  Brackich 3urface - 1 1 d sezwater
[Woe 1 Wiater 8" Wiader 18" Wiader 20" Waker B Wwiader 18" Wabsr 207 8" 18" 20"
$Mmon  %of  $Millon %of S Mllllom %of [EMillen %of $Mmon %ol $Millon  Sof |$Mimon %ol EMilllen  %of  FMilllom %ol
&3 mgd 8T Year Todal parvear Tofal peryear Tobts |parvear Total peryear Tobd  pervesar  Tobsl | pervear  Todal par Yaar Tokal par Ysar  Tofal
Fowsr
Equipment Power 3558 E1EW  E55F  E0.4%  f5SD EIE% | $540 B4 5510 BEA%  55.40 3E.2% 55.54 40.0% 5554 a0.8% 59054 40.8%
/1,000 gallons $0.322 0,522 $0.333 0784 30.284 $0.284 80,660 20.EED $0.660
Sulding Power 50.08 3% 50,03 0.3% $0.03 0.3% F0.07 0.5% 50.08 D4% 50.06 DA% 5007 0.9% 5007 0.3% 005 0.3%
41,000 gallons $0.002 0,002 j0.002 0,008 30,004 §0.003 $0.004 0,004 0004
Bubiotal - Fowsr 3551 EXIW  EEE1 E1.7%  $5.E1 E3E% | $516  36.0% 3518 BEE% 5596 3E.E% 5351 40.3%  §5E0 a0.8% FSE0 40.5%
§/1,000 gallons $0.524 0,528 j0.033 0588 30.268 §0.287 80,664 A0.EES 0664
Chemlaals (Mo I} 51.78 18.6%  F1TI AT.2W FATS 17.2% | §3ISE Daaw 3363 ZEO%  FRET 2E.5% 5548 23.0%  E5.51 235.4% 5554 29.8%
41,000 gallons $0.102 $0.108 $0.104 #0206 20.208 $0.212 $0.318 #0318 ELESE]
UF Membrane Elemnent Replacamenis 50.00 0% 50,00 0.0% £0.00 0% FOLES 8.0% $0.88 B1% 50.88 E1% 51.27 53% 127 5.4% .27 5.4%
471,000 gallone $0.000 20,000 $0.000 20208 $0.203 $0.203 30.284 0784 038
RO Mambrans Elsmant Replasemants 50.57 3% 5057 5.4% 5057 EE% S0ES 5.8% 50.85 EE% 50.85 E#% 51.42 E8% 5142 B.0% £1.42 8.0%
41,000 gallons $0.032 40,053 jogaz 20048 $0.048 §0.049 $0.082 $0.0E2 {0062
Cariridge Flitar Rapiaosments. 50.15 1.4% 5015 1.4% 5095 1.4% 5013 0.8% 5013 DE% 50.13 DB 5025 11% 502 1.1% 5035 1.1%
41,000 gallons $0.008 0,008 $0.008 $0.008 20,008 j0.008 $0.014 #0014 0014
Rapalr & Malnisnanos 51.39 1286%  §1.07 10.3%  §.04 10.0% | F241 18.4% 52.10 144%  52.05 14.1% 53.82 18.0% 5345 14.7% 135 14.4%
1,000 gallonc $0.080 0,082 $0.040 0158 $0.121 $0.118 $0.221 20188 20186
OEM Labor 51.26 11.7% F125  424%  Fi32E 124% | FATE 11.8% 51.TE 124%  51.7E 124% 5201 a.4% 2.0 B.5% 52 2.8%
41,000 gallons $0.072 $0.073 j0a72 o102 $0.102 jo.102 $0.118 #0118 3118
Todal 510.75  100.0% 51045 100.0%  F90.42  100.0% | $1475  100.0% 51451 100.0% 51450  100.0% | S23BE  1000%  SIIET  100.0%  F2IHE 100.0%
1,000 gallons $0.6820 0,608 j0.8m $3.861 B0.B37 §0.828 ¥1.578 #1367 #1264

1. Annual prociscion at 5% plant factor = 17,337,500 KgalyT
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Table 4-24.—0&M Cost O&M Category — 100 mgd

GEIM HILL CPEZ OEM COET JUMMARY

Eracklch Ground Erackleh Ground Eracklch Ground Brackich furface Eracklch Surface Erackich Jurfsoes 2 il -] A Senwater
[Puzie 1) Wiader 8" Wiater 18" Wiader 20" \Waker £° Wiater 18" Waber 207 B 18" 20"
§Mmmon  %of  $Millon  S%of S Milllon  S%of [$Milen %eof $Mimon  %of $MIllon  Sof [$Mimon %ol  $Milllen  %of ¥ Millllon  %od
100 mgd T iEar Todal par vear Tofal  pervear Tobts |pervear Tokal peryYear Tobal  pervsar  Tobsl | psrvear  Tolal poar Vaar Tokal par vaar  Tosal
Fower
Equipment Poaer 51128 E4.1%  $11.28 EE8%  F19.285 BEO% | FI032 Se.8% 51032 ITEM  FI032  ITEM | SI945  49.8% FIS45 £22% 4545 420%
4i1,000 galions $0.328 $0.326 §0.338 20788 20.2688 $0.288 $0.662 $0.6562 20,562
Sullding Power 50.07 OE% 50,05 0.3% F0.06 0E% FOL1Z 0.4% 5011 DA% §0.11 DA% 50.13 0.3% 5012 0.3% F0.12 0.3%
41,000 galions $0.002 #0002 J0.002 20,004 $0.003 $0.003 $0.004 0,004 20,008
Butioial - Powsr 51135 E44d%  $11.34 EEA% 51934 EES% | $I044 5T0% 51043 3TE%  §I0.43  3EOW | 51928 49.8% SIS 4£25%  $ISI7  428%
41,000 gallons $0.327 $0.527 jo.azy 0,501 §o0.aa $0.668 $0.668 40568
Chemisals (Mot I} 53,54 170%  §356  17.8%  F3EE 1T.T% | FESS 24T ZEE%  57.08 ZEEW% | 51083  29.8%  FI08T  240%  FI0S0 24.1%
41,000 gallons $0.102 #0108 jo.102 0200 §0.204 B0.312 #0513 014
UF Membrans Element Replasamenis 50.00 A% 50,00 0.0% §0.00 0% F1ET 6.8% B1% 51.67 BA1% 52 4T 4% SZAT 6.5% F247 E.6%
41,000 gallone $0.000 20000 $0.0049 20386 §0.935 $0.670 0670 0570
R Membrans Elsmant Seplacemants 51.13 AR 5113 E.8% F.44 E.&% £1.70 0% BI% 51.70 BI% 5283 a1% EXE3 B.0% £2E3 a.4%
4i1,000 gallons $0.033 20,033 jo.033 20,088 $0.045% $0.082 0,082 20082
Cariridge Fllter Repiaosments 50.30 1.4% 50.30 1.6% $0.30 1.6% F0.2T 0.8% 10% §0.27 1.0% 50.50 1.1% 5050 1.1% $0.50 11%
41,000 gallons $0.008 $0.008 §0.009 0008 §0.008 B0.014 #0014 0014
Fepalr & Malrisnanos 52.72 12.0% 5207 10.2%  $300 BE% 5445 18.0% 138% 5375 13.8% 16.7%  E5.43 14.9% 34 14.0%
41,000 gallone $0.078 $0.080 Jo.058 0128 §0.108 $0.208 20187 20183
D&M Labor 51.82 2TH 51.52 8.10% 5182 B 52T B.2% BAW 52.57 BAT 52,92 2.9% 5252 B.4% 5252 6%
4i1,000 galions $0.052 0062 J0.052 0,074 $0.074 30,084 0084 20084
Total 520.86  100.0% 022 100.0% §20.45  100.0% | FIE0S  100.0% 100.0% 52745  100.0% | S45.08  1000% S45.35 100.0%  F4S 34 100.0%
41,000 gallons $0.802 #0663 §0.531 0,510 §0.782 #1428 #1508 #1306

1. Annual procisction at $5% plant facior = 34,675,000 Mgaiyr
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Table 4-25.—0&M Cost O&M Category — 150 mgd

CHIMHILL CFEZ DEM COET JUMMARY Erackleh Ground Erackleh Ground Erackleh Ground Bracklch furlaos Eracklch Surface  Braokich Iurfaoe Sexwainr Hl A H it
(ot 1) Wiater 8" wiater 187 wiater 20" \Water & wiatsr 18" Wabsr 207 8" 18" 20"
§ Mmmon ol $Millen %ot FMllen S%of [$8N0cn %of  $MImon %of  EMllon  S%of [$Mmon %ol $Mlllen %of  SMloa % od
180 mgd T Yaar Total paryear  Tofal  pervear  Tobtal |pervear  Tokal pervear  Told  pervear Tobd | perysar Todal par Y aar Toktal par vear  Tofal
Fowsr
Equipmient Powar 517.22 EEE®m BT ET.A% 9723 ETEW | E4STS 8B0% 5457 SRO0M SISTS SR% | 52382 4248 EI293 494% IS S3 43.9%
41,000 gallons $0.331 $0.551 j0am 0508 $0.304 jo.a04 $0.668 $0.668 40566
Sulding Power 50.10 oA 50038 0.2% E0.08 DA% 018 0.4% 5016 DA% 50.16 0.4% 5018 0.9% =018 0.2% 018 0.3%
41,000 gallone $0.002 o002 $0.09z 40,008 30002 $0.002 30,004 30004 0008
Subiotal - Powsr 517.33 EEE%®  F17. ETE%m  FIT. ET.E% | $1557 3B.E% 51595 ER4%  §1555 FE6M | 529412 427w 529N 43.4%  E211 43E%
41,008 gallone $0.333 20233 40333 20,507 20307 j0.07 20,580 20.E8D 40,580
Chemloals (Mo 2 353 1T A% 5533 17.7% £33 1TEM | $40033 264 54042 2EEm FI048 ZEOm | SIS4E 22.7W BIS22 240%m SAE3E 243%
41,000 gallone $0.102 #0102 f0.102 018 20.200 40202 $0.311 0,512 2013
UF Memb Element R ! 50.00 0% 50,00 0.0% £0.00 0.0% 245 E.8% 5245 g% 52.48 8% 3357 E4% 53157 E.5% 51T 5%
41,008 gallons $0.000 $0.000 0090 0,687 20687 j0.557 20.847 40,847 0847
RO Mambrans Elsmant Replacementc 51.70 ELEW 51.70 E.7% .70 E.TH g B.2% 5258 BN 52.88 Ba% $4.25 8.2% 512 B.3% 435 8.4%
41,008 gallone $0.033 $0.053 §naaa 20,048 20,048 $i.042 $0.082 0,080 FET- ]
Cartridge Fliter Raplasements 50.45 1.6% 5045 1.5% E0.45 1.E% 5040 1.0% 5040 1.0 50.40 1.0% 5075 1.1% 075 1.1% 5075 1.1%
41,0080 gallone $0.008 $0.008 40008 20,008 20008 j0.008 $0.014 20014 0014
Repalr & Malntananas 54,085 12.1% 206 10.2% §2.56 BN 52 16.8% 5554 12.7% 35.40 13.4% | S10.67  16.T% .50 14.2% 5927 13.5%
41,000 gallons $0.073 #0058 nasT 0,126 20108 0104 30.208 20183 W7E
CEM Labior 52.20 TA% £2.20 7.9% £2.20 TAN £315 7.85% 5315 TE% 53145 TE% 5358 £.2% 53155 E.2% £3:5 £.4%
41,008 gallone $0.042 #0042 §ino42 0,081 20,081 $0.081 10.088 0,088 0,088
Tiotal 531,04 000%  $3005  100.0% 52995 100.0% | 54435 100.0% 54047 10000%  FE0.3%  100.0% | S5B1E M000%  SSTOE 100.0%  EES ST 100.0%
41,000 gallone $0.687 $0.6TE $nETe 0.TEE 0778 j0.778 .31 1288 #1286

1. Annual predsction at 95% plant factor = 52,092 500 Sgaisyr
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Tables 4-21 through 4-25 also show the O&M cost items as a percentage of the total for
all cases. To provide an example of O&M cost itemization, Figure 4-14 shows the
breakdown for the average of all brackish groundwater cases at 50 mgd (189,000 m*/day)
(average of costs for all element diameters). Power costs represented approximately 50%
of the total O&M cost, while chemicals labor, and repair and maintenance were each
between 10 and 20 percent. RO membrane replacement represented only 5% of O&M
costs. For the “average” 50 mgd (189,000 m*/day) brackish surface water case, power
costs represented 35 percent, chemicals 25 percent, repair and maintenance 15 percent
and labor 12 percent of O&M costs. For the “average” 50 mgd (189,000 m*/day)
seawater case, power costs were about 41 percent, chemicals were 23 percent, repair and
maintenance was 15 percent, and labor was 9 percent.

Tables 4-26 to 4-30 presents the life-cycle and treated water costs for all cases.
Construction costs were amortized at 5 percent over a 20 year period. A 95 percent plant
operating factor was assumed. The 8-inch diameter RO element plant total treated water
costs for the groundwater, surface water, and seawater cases from 12.5 mgd (47,000
m’/day) through 150 mgd (568,000 m*/day) ranged from $0.95-1.12, $1.37-1.89, and
$2.24-2.81 per 1,000 gallons, respectively ($310-365, $445-617, and $731-916 per acre-
foot or $0.251 to 0.296, $0.362 0.499, and $0.591 to 0.742 per m3). The 16-inch diameter
RO element plant total O&M costs for the groundwater, surface water, and seawater
cases from 12.5 mgd (47,000 m*/day) through 150 mgd (568,000 m*/day) ranged from
$0.85-1.03, $1.26-1.80, and $2.12-2.71 per 1,000 gallons, respectively ($275-334, $441-
588, and $691-884 per acre-foot or $0.224 to 0.272, $0.333 to 0.475, and $0.560 to 0.715
per m°). Finally, the 20-inch diameter RO element plant total O&M costs for the
groundwater, surface water, and seawater cases from 12.5 mgd (47,000 m’/day) through
150 mgd (568,000 m*/day) ranged $0.84 to 1.01, $1.25 to 1.79, and $2.09 to 2.69 per
1,000 gallons, respectively ($272-331, $407-583, and $683-876 per acre-foot or $0.222 to
0.267, $0.808 to 0.473, and $0.552 to 0.710 per m”).
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Figure 4-14.—Unit O&M Costs By O&M Category (50 mgd Plant Capacity)

Ground Water O&M Cost Breakdown (avg 50 mgd cases)
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Surface Water O&M Cost Breakdown (avg 50 mgd cases)
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Seawater O&M Cost Breakdown (50 mgd cases)
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Table 4-26.—Life-Cycle and Treated Water Costs — 12.5 mgd

Bracklsh Ground Bracklah Ground Bracklah Ground Brackizah Surfaca Bracklsh Surfaca Bracklah Surface Seawatar Saawater Seawater
CHZIM HILL CPES COST SUMMARY Water & Water 16" Wiater 20" Watar & Water 16 Wwiater 20 a" 18" Fiig
12.5 mygd [Mote 1)
Ufe Cycle Cost, 3 Milon 360.53 35544 B3 F102:29 33748 FU5.E5 $151.34 $146.47 514528
%% 0f 8 dia cost 100.0% 6% S006% 100.0% 95.5% 34.5% 100.0% 3E.5% 55
Amortized Caplizl, S MillondyT (Moke 2) $1.83 £1.49 5145 5165 533 53,06 §5.35 g4.80 5491
Amortized Capital, 51000 gallons 30422 30.344 $0.335 50.341 50.7654 $0.752 $1.235 31151 §1.133
Total Anrual Treated 'Waier Cost 3 Millonhyr .86 =45 .40 36.21 37.62 7.7 81218 175 $11.68
Tidal Treated Watar Coat $1000 gallons 1.1 $1.028 $1.015 $1.534 $1.805 41788 £2.811 $2712 $2.630
Total Treated Water Cost $iacre-foot $385 $334 b <& $517 5555 583 s $584 $675
Total Treated Water Cost $im3 $0.238 $0.271 $i0 268 $0.500 50.478 $i0.472 B0.742 $0.718 .70
%% of 8" dia cost 100L0% 6% S006% 100.0% 95.5% 34.5% 100.0% JE.5% 55 %
1. Annual procuction at 35% plant fachor = 2,234 375 Kgalyr
2. Amartizalion al 5% for 20 years
Table 4-27.—Life-Cycle and Treated Water Costs — 25 mgd
Bracklsh Ground Bracklsh Ground Bracklah Ground Brackish Surfaca Bracklsh Surfaca Bracklah Surface Seawatar Seawater Seawatar
CHZM HILL CPES COST SUMMARY Water & Waler 16" Wwater 20 Watar & Water 16" Water 20 a" 18" Pl
25 mgd [Moke 1)
e Cyele Cost, 3 Millon 311153 3101.63 $100.60 F175.08 $165.104 $163.57 27336 36211 §250.74
%% of & dia cosl 100.0% J0.8% B5.8% 100.0% 4. 5% 33.3% 100.0% 35.9% 25.0%
Amortized Capital, $ MillondyT (Mole 2) .35 267 $2.55 36.10 $5.42 5.1 5340 665 $8.50
Amortized Capltal, 51000 gallons 30.386 30.307 $0.205 S0.704 $0.626 $0.613 51.063 30938 50.550
Total Anrual Treated Water Cost 3 Millonhyr w098 .16 S3.07 3405 31224 [FERT] 2194 32103 2082
Todal Treated Watar Coat $1000 gallons $1.037 $0.341 $0.31 $1.621 $1.528 $1.512 $2.550 $2.425 2404
Total Treated Water Cost $iacre-foot $338 4307 $303 $528 5455 $433 $024 $ra ST
Total Treated Water Coat $im3 $0.274 $i0.245 $i0 245 S0.428 50.403 $0.335 SD.e58 $0.840 BD.E35
%% of § dia cost 100.0% 30.8% Ba.8% 100.0% 94.5% 93.3% 100.0% 15.9% S5.0%
1. Arnual productian at 95% plant factor = 8,658,750 Kgalr
2. Amartizalion al 55 for 20 years
Table 4-28.—Life-Cycle and Treated Water Costs — 50 mgd
Bracklsh Ground Bracklsh Ground Bracklsh Ground Bracklsh Surfaca Bracklsh Surfaca Bracklsh Surface Seawatar Saawater Seawater
CHZM HILL CPES COST SUMMARY Water & Weater 168" Water 20 Wyater & ‘Water 16" Wiater 20" g 18" Fiin
50 mgd [Noke 1)
Ufe Cycle Cosl, § Milon 32121 $190.93 3138.53 332056 529046 $296.55 513296 3453 65 548423
% of 3 dia cost 100.0% B38% B3.6% 100.0% 23.4% 326% 100. 0% 351% 54 2%
Amortized Caplizl, S MillondT (Mobe 2) LKD) L87 =71 31037 F9.52 $9.32 $17.38 31589 $152.33
Amortized Capltal 51000 gallons 30364 0261 S0.27T2 30633 30.523 S0.528 $1.003 30905 S0.E67
Total Annual Treated Water Cost 3 Millonhyr 31707 §15.32 $15.13 33572 32403 $23.62 84124 3391 $38.56
Todal Treated Wabar Coat $1000 gallons $0.384 $0.884 $0.873 $1.484 $1.388 $1.374 $2.373 $2.262 2.1
Total Treated Water Coat $izcre-foot 321 $288 284 $483 452 5243 5775 73T .
Total Treated Water Cost $im3 $0.280 $0.233 $0.230 $0.332 50.356 40,363 $0.628 $0.557 $0.552
% af 5 dla cost 100.0% B3.8% BE 6% 100U0% 33.4% 92 6% 100 0% 395.1% S4.2%

1. Anmual procuciian at 955 plan: factor = 17,337,500 Kgalyr
2. Amarization at 5% for 20 years
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Table 4-29.—Life-Cycle and Treated Water Costs — 100 mgd

Bracklgh Ground  Bracklsh Ground  Bracklsh Ground Brackish Surfaca Brackish Surfaca Bracklsh Surface Seawatar Seawaler Seawatar
ZHZM HILL CPES COST SUMMARY ‘Waler 8 ‘Waler 16" Water 20" ‘Walar & ‘Water 16" Water 20" g 16" -
100 mgd [Note 1)
Ura Cycle Cosst, 3 Milon #1205 3259.05 3354.25 3603.97 $558.93 3354.25 20404 5265 [EREEE
% of 8 dia cost 100.0% BiA% BE.0% 100.0% J2.T% 91.8% 100.0% W7 53.7%
Amortized Capiial, S Millondy [Mote 2) 312.36 $9.38 .07 320.38 31743 vz §32ac 32948 2882
Amortized Capital, 51000 gallors 30356 50271 30 262 50586 30.503 0.4 $0.850 30350 $0.631
Total Arnual Treated Water Cost 3 Millontyr 33322 FHE $29.23 34546 34492 HLi47 sran2 TLEd srans
Tidal Treated Watar Cost 411000 gallons $0.358 $0.854 40,843 51398 $1.236 $1.283 £2.273 $2.158 2213
Total Treated Water Coat $iacre-Toot $312 $278 8275 $455 5422 418 5743 $T03 5638
Tatal Trasted Water Cost $im3 $0.253 $0.225 $0.222 50,363 50.342 $0.335 0602 $0.570 80,564
% of 8 dia cost 100.0% B3A% 85.0% 100.0% J2.T% 91.8% 100.0% TS 53.7%
1. Arnual production at 35% plant factor = 34,575,000 Kgaliyr
2. Amartizaion at 5% for 20 years
Table 4-30.—Life-Cycle and Treated Water Costs — 150 mgd
Bracklah Ground Bracklah Ground Bracklah Ground BErackiah Surfaca Bracklsh Surfaca Brackleh Surface Seawatar Saawater Seawaltar
THZM HILL CPES COST SUMMARY Waler &~ ‘Waler 16" Water 20" ‘Watar & ‘Water 16" Water 20" a8 18" 20
150 mgd [Mate 1)
Ura Cycle Cosl, 3 Milon 616,65 3T 32079 FHES2E 31758 380915 #4545 13556328
%% of 8" dia coat 10000% B8 9% BT 7% 100.0% F2.4% 9.4% A00.0% 53.4%
Amorized Caplial, § Millondy [Mote 2) 3544 CRER-7] #1344 32965 32518 =R 82850 214
Amortized Capltal, 51000 gallons 30.354 30266 0256 S0.570 50.434 0472 £0.832 S0.E10
Total Arrual Treated Water Cost 5 Milloniyr 34948 34307 4320 7104 $BE.53 BELDE 11658 $106.93
Total Treated Wabar Coat $11000 gallons $0.351 $0.845 $0.834 51.368 $1.282 $1.248 $2.243 $2.085
Total Treated Water Cost $iacre-foot 310 $275 8272 $445 5411 2407 T 5683
Tatal Treated Water Coat $im3 $0.251 $0.223 $0.220 50360 50,333 $0.329 £0.552 $0.553
%% of 8" dia coat 100.0% BE.3% BT.T% 100.0% S2.4% 9.4% 100.0% 53.4%

1. ANMUal procuciian &k 5% plan: factor = 52.012.500 Kgalyr
2. Amartization at 5% tor 20 years
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Figure 4-15 presents the treated water costs in dollars per 1,000 gallons for all cases.
Figures 4-16 through 4-18 show the same total treated water costs in alternative units of
dollars per acre-foot. As anticipated, treated water costs decrease with increasing RO
element diameter, that is, the use of larger diameter elements in the RO system design
reduces the total cost of treated water. The reduction in total treated water cost is most
dramatic when the element size (diameter) is increased from 8-inch to 16-inch. A further
increase in element size to 20-inch provides only a marginal additional reduction in cost.

Figure 4-15.—Total Treated Water Cost — All Cases
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Figure 4-16.—Total Treated Water Cost — Brackish Groundwater
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Figure 4-17.—Total Treated Water Cost — Brackish Surface Water
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Figure 4-18.—Total Treated Water Cost — Seawater
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Figure 4-19 (and Tables 4-26 through 4-30) shows the life-cycle costs for each of the
forty-five cases as a percentage of 8-inch diameter life cycle costs. The cost reductions
for the larger diameter elements are clearly evident. The greatest percent reduction occurs
for the construction cost ((Figure 4-11). O&M costs between the three diameter sizes are
more comparable and dilute the construction savings in the life-cycle cost comparison.
For the brackish groundwater cases, the plant life-cycle cost savings range from 8 tol1
percent for 16-inch and 9 to 12 percent for 20-inch element cases . For the surface water
cases, the life-cycle cost savings range from 5 to 8 percent for 16-inch and 6 to 9 percent
for 20-inch element cases. Finally, for the seawater cases the life-cycle cost savings
range from 4 to 6 percent for 16-inch and 4 to 7 percent for 20-inch element cases.
Although the percentage savings in life-cycle costs are less than for construction costs,
they nonetheless represent millions of dollars over the life of the RO plant. For example,
the life-cycle cost savings for the 50 mgd (189,000 m’/day) brackish groundwater,
brackish surface water, and seawater cases are $22 to 24 million, $21 to 24 million, and
$25 to 30 million, respectively, for 16-inch and 20-inch diameter elements compared with
respective 8-inch diameter cases.
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% of 8" Diameter Element Life Cycle Cost

Figure 4-19.—Total Life-Cycle Cost, Percent of 8-inch Diameter Element Facility
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5. Conclusions and Recommendations

Numerous issues must be considered when recommending a new large diameter element
standard, which contains substantial increases in membrane active area, for the NF/RO
industry. These items can be systematically grouped into three primary categories:

e Market application, size, growth rate, and forecasts
e Risk management across the industry value chain
e Economic savings estimate enabled by larger diameter elements for end-users

5.1 Market

Estimated market demand for large diameter elements over the foreseeable future is
significant, albeit not tremendously large. Investment grade economics justifying
research and development expenses and re-tooling costs incurred by element and pressure
vessel manufactures for a new large diameter standard are more readily obtained when
aggregate NF, BW, and SW markets are serviced by a single diameter.

5.2 Risk

For success, risk must be managed across the entire economic value chain. Such an
approach addresses the concerns of element suppliers, pressure vessel suppliers,
equipment suppliers, engineering consultants, owners, operators, and end-users. Via the
Consortium’s comprehensive industry-wide survey, the handling, quality, cost, and
multiple sourcing of elements and pressure vessels were prioritized as primary concerns.

Understandably, any sizeable increase in element diameter will necessitate the
development and utilization of mechanical handling equipment. However this was not
identified as a limiting factor over the evaluated element diameter range (8 — 20 inches)
since this type of equipment is commonly used in industries having similar needs.

Element and pressure vessel development cost and market acceptance risk increases
dramatically with increasing diameter. Minimizing industry concerns associated with
this cost and risk as well as concerns of handling, quality, and multiple sourcing requires
minimizing the new diameter standard while still achieving the majority of the available
savings.

5.3 Economic Study - Savings
RO plant design used in cost development reflected accepted engineering practice for

large-capacity RO plants and incorporated the following features: chemical addition for
scale control, cartridge filtration, a pumping center for RO feedwater pressurization,
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parallel RO trains of single or multiple stages, and for the seawater cases, an energy
recovery center. For surface brackish water and seawater, additional pretreatment was
provided in the form of screening and submerged MF/UF. Post-treatment consisted of
chlorination and caustic addition to the RO permeate; degasification for removal of CO,
and H,S was assumed for the groundwater cases. Additional facilities included in the
construction costs included clearwells and pumping for storage and transfer of MF/UF
and RO permeates and finished water (ground) storage and high service pumping. A
process building and yard piping were also included in the construction costs.

An important design assumption was that for all except the 12.5 mgd (47,000 m’/day)
case, there would be a minimum of four RO trains to ensure adequate permeate
production while one train was out of service for cleaning. This resulted in a train size of
4.17 mgd (16,000 m3/day) for the 8-inch diameter cases and train sizes ranging from 8.33
to 12.5 mgd (32,000 to 47,000 m*/day) for the larger diameter cases. Larger train sizes
and smaller number of trains was the primary means of realizing cost savings for the
larger diameter element designs.

O&M costs included power for operation of process equipment and the building; process
chemicals, where applicable, including pretreatment coagulant, antiscalant and acid,
chlorine and caustic and chemicals for UF and RO cleaning and cleaning solution
neutralization; MF/UF and RO membrane replacement and cartridge filter replacement,
labor and equipment repair and maintenance.

The results of the study were as follows:

1. Design of RO trains and treatment facility with 16-inch and 20-inch
elements results in reduced plant construction costs for all cases. Cost
savings are most significant for the brackish groundwater case, where the
percent savings (relative to 8-inch costs) ranged from 18.5% for the 12.5
mgd (47,000 m*/day) capacity case to 27% for the 150 mgd (568,000
m’/day) case. Savings were less significant (7% to 17%) for the other
source waters due to the leveling effect of the MF/UF pretreatment, whose
costs are equivalent for the three element diameters.

2. The greatest construction cost reduction is realized when element diameter
is increased from 8-inch to 16-inch diameter. For the brackish
groundwater case, the relative cost saving from 8-inch to 16-inch was
24%; it increased only marginally to 27% from 8-inch to 20-inch.

3. The most significant portion of the plant construction cost to be positively
impacted by the use of increased diameter elements is the RO train. For
the brackish groundwater cases, installed RO train cost was reduced from
$0.33/gpd to $0.22/gpd (887 per m’/day to $58 per m*/day) when 16-inch
elements are used in place of 8-inch elements (50 mgd or 189,000 m*/day
case), a 50% savings. In contrast, the largest plant construction cost
savings (150-mgd or 568,000 m’/day case) for this source water was 24%
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or only one-half of the train cost savings. Savings were somewhat less
for the surface brackish and seawater cases because of the smaller train
sizes used for the 16-inch element designs.

4. Savings in O&M costs from use of larger diameter elements were small
and comparable for all cases. For the 50-mgd cases, O&M costs
decreased from $0.62/1000 gals to $0.60/1000 gals ($0.164/m” to
$0.158/m’). Given that the basic performance characteristics are the same
for all diameter elements (all use the same membrane), the power,
chemical and replacement intervals are unaffected. The primary O&M
savings associated with larger-diameter designs is from reductions in
repair and maintenance. The fewer numbers of elements, pressure vessels
and RO skid components should translate into lower repair and
maintenance costs.

5. Use of a 16-inch diameter RO design would result in a significant life-
cycle cost savings relative to 8-inch diameter design. For a 50 mgd
(189,000 m*/day) brackish groundwater plant , the savings over a 20-year
period is estimated at 22 to 24 million dollars.

5.4 Consensus Recommendation

To insure industry success a new large diameter element standard needs to serve the
broadest possible market, manage risk across the value chain, and deliver the majority of
the available savings. This analysis pragmatically concludes that a 16-inch diameter
element delivers across all three criteria. Due to availability of existing steel pipe for
mandrels required for vessel construction, 15.90 +/- 0.01 inches is the consensus
recommendation for a new RO/NF large diameter element standard.
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Appendix A — Joint Work Agreement

Joint Work Agreement

This agreement, effective upon execution by all the parties, is entered into between

FilmTec Corporation, a Minnesota Corporation, having a place of business at 7200 Ohms
Lane, Minneapolis MN 55439;

Hydranautics, a California Corporation, having a place of business at 401 Jones Road,
Oceanside CA 92054;

Toray Membrane America, Inc., a Massachusetts Corporation, having a place of business
at 65 Grove Street, Watertown, MA 02472; and

TriSep Corp., a California Corporation, having a place of business at 93 S. La Patera
Lane, Goleta, CA 93117,

pursuant to and under U.S. Federal law by which the parties agree to be legally bound.

WHEREAS, reverse osmosis (RO) and nanofiltration (NF) technology is of increasing
importance in the production of safe drinking water; and

WHEREAS the current standard size for RO and NF membrane elements is a diameter of
8 inches with a length of 40 inches; and a study by the Metropolitan Water District in Los
Angeles has shown that larger diameter elements can result in substantial capital and
operating cost savings; and

WHEREAS each of the Consortium Members believes that it would obtain benefit by
cooperation with other Consortium Members in an economic study to set a standard for
larger-sized RO and NF membrane elements;

WHEREAS the overall goal of the program is to share existing information on larger RO
and NF membrane elements, research and analyze information to identify the best overall
size of a new, larger element, and set an industry standard to allow elements to be
interchanged;

THEREFORE the parties agree as follows:



Definitions

Architecture and Engineering Firm

A firm subcontracted by the Consortium for execution of the Economic Study, described
in the Proposal in subsection 6.2.

Confidential Information

“Confidential Information” means Background Information of the designated Party
and/or its Affiliates (collectively the "Discloser") as well as Project Information first
developed or discovered by the Discloser, which is disclosed or otherwise made available
to the another Party and/or the Consortium as a whole, (collectively the "Recipient")
pursuant to this Agreement, provided that such Information is:

(a) disclosed in writing or other tangible form and labeled “[Discloser’s
name] - confidential,” or

(b) disclosed orally or by observation and confirmed to the Recipient in
writing as being “[Discloser’s name] - confidential” within 30 days after
the initial disclosure,

() except with respect to any particular Information that

(1) Recipient can prove was or became available to the public through
no fault of Recipient, or

(i1) Recipient already possessed prior to receipt from Discloser, or

(ii1))  Recipient acquired from a third person without obligation of
confidence, or

(iv)  was independently developed by or for Recipient by one who did
not have access to Discloser’s Confidential Information or
Samples.

Specific Information is not within any of the above exclusions merely because it is within
the scope of more general information within an exclusion. A combination of features is
not within any of the above exclusions unless the combination itself, including its
principles of operation, is within the above exclusions.
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Consortium

The organization formed by this Consortium Agreement, for the sole purpose of taking
part in the Large Element Program.

Consortium Agreement

This Agreement, together with and Appendices and any properly executed amendments.

Consortium Members

Consortium Members are Corporations that are signatories to this Consortium
Agreement. Initially the signatories shall include FilmTec Corporation, Hydranautics,
TriSep Corporation, and Toray Membrane America.

Committee Members

Members of the Committee established for Program leadership under 3.01

Government Contribution

The Bureau of Reclamation shall reimburse out-of-pocket expenses of the Consortium,
including fees for a Program Facilitator and an Architecture and Engineering Firm.
Large Element Program

Project described in Industry Consortium Analysis of Large Reverse
Osmosis/Nanofiltration Element Diameters: Designed for Manufacturability, System
Capital Reduction, and Industry Acceptance, attached to this Consortium Agreement in
Appendix B.

Program Facilitator

The person fulfilling the role described in Subsection 6.1 of the Large Diameter Element
Consortium Proposal.
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Proposal

Document described in 2.02 of this Consortium Agreement.

Proprietary Information

“Proprietary Information” means information which embodies Trade Secrets developed
at private expense or which is Confidential business, technical or financial information,
provided that such information:

. is not generally known or available from other sources without
obligations concerning its confidentiality;

. has not been made available by the owners to others without
obligation concerning its confidentiality;

. is not already available to the Government without obligation
concerning its confidentiality; and

. is not independently developed by the recipient.

Trade Secret

“Trade Secret” means information, including a formula, pattern, compilation, program,
device, method, technique, or process that:

. Derives independent economic value, actual or potential, from not
being generally known to the public or to other persons who can
obtain economic value from its disclosure or use; and

. Is the subject of efforts that are reasonable under the circumstances
to maintain its secrecy.

Program Invention

“Program Invention” means a novel, potentially patentable concept which is developed
during the term of this Agreement under the work plans agreed by the Parties relating to
the standard developed for large-scale reverse osmosis elements. Any new, novel design
concepts of the spiral wound element itself, or the use or application of such elements,
shall not be covered by this Agreement.
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Program Technology

“Program Technology” shall mean novel concepts developed during the term of this
Agreement or related to the size of RO or NF elements, or “Confidential Information”
disclosed as stated in 1.02 of this Agreement.

Program Mission

Program Purpose

The mission of the Large Element Program is to combine the expertise of a Consortium
of membrane element suppliers to create a new element diameter standard. The study is
in response to Solicitation Number 03-FC-82-0846, subtask E, issued by the US
Department Interior, Bureau of Reclamation (attached as Appendix A).

Proposal

A proposal (attached as Appendix B) that describes how the Consortium will accomplish
the study has been submitted by FilmTec Corporation, a Consortium Member. The study
will complete an economic analysis to determine a new element diameter greater than the
current 8-inch standard, taking into account manufacturability, system design limitations,
and capital cost reductions. The use of a consortium allows for an evaluation that will be
less biased toward one supplier, and will allow competitive bidding for projects using the
standard. The proposal requests that the government contribute $100,000, to be used for
the cost of a Facilitator and an Architecture and Engineering Firm.

Program Leadership

Committee

The Consortium Members shall each appoint members to a Committee, whose function
shall be to guide and direct the Large Element Program. The Committee Members shall
select a Facilitator to be hired by the FilmTec Corporation, on behalf of the Consortium,
for the term of the project.

Voting
Decisions that may have an impact on the Large Element Program direction and funding

shall be made by vote of a majority of all the Committee Members. Each Committee
Member shall have one vote. In the event of a tie, the vote shall not carry.
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Minimum Meeting Requirements

The Committee Members shall meet at least once per calendar quarter to review the
progress of the Large Element Program. Such meetings may take place in any
convenient physical location or by videoconference or teleconference. The Facilitator
will distribute an agenda prior to any meeting of the Committee. The Committee shall
review, modify if necessary, approve, and follow the agenda during the meeting.

Meeting Minutes
The Facilitator shall keep minutes of all meetings of the Committee. Further, the
Facilitator shall make meeting minutes available to all Project Managers for each of the

Members within 10 days of the meeting, or before the next meeting of the Committee,
whichever is sooner.

Contributed Technologies

Personnel and Resources
Agreement on Resource Contribution
The Consortium Members have laid out their planned contribution of time and expertise

in Section 6.1 of the Proposal in Appendix B. Each Consortium Member expressly
agrees to the time and resources in the Proposal, and their contribution to the Program.

Auditing
The Bureau of Reclamation has agreed to contribute funding to the Program based on the
work contributed by the Consortium Members. Therefore, each Consortium Member

agrees to keep adequate records of the time and money it spends on the Program so that it
can respond to government audit of the Program.

Mechanism for shared funding and shared costs

Facilitator

FilmTec Corporation, a member of the Committee, will hire and pay for the Facilitator
selected by the Committee. FilmTec will then submit its costs to the Bureau of

Reclamation for reimbursement. FilmTec will keep adequate records and review the
Facilitator costs at regular meetings of the Committee.
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Architecture and Engineering Firm.

FilmTec Corporation, a member of the Committee, will hire and pay for the Architecture
and Engineering Firm selected by the Committee. FilmTec will then submit its costs to
the Bureau of Reclamation for reimbursement. FilmTec will keep adequate records and
review the Architecture and Engineering Firm costs at regular meetings of the Committee
Costs in Excess of Government Contribution.

The Costs of the Facilitator and the Architecture and Engineering Firm are expected to
fall within the money available from the Bureau of Reclamation for the Program. If the
costs of the Facilitator and the Architecture and Engineering Firm together shall only be
allowed to exceed the Government Contribution described in 2.01 based on a unanimous
vote by all the Consortium Members. In such case the Consortium Members will agree
to share the excess costs equally, unless changed by unanimous vote by all members. If
approved, FilmTec shall continue pay the Facilitator and Architecture and Engineering
Firm and request reimbursement from the Consortium. FilmTec shall prepare an invoice
for each Consortium Member for its share of the services after the Committee has
reviewed the costs. Each Consortium Member shall pay its amount due to FilmTec
within 30 days of receipt.

Individual Costs

Each Consortium member shall be responsible for its own costs of contributing to the
study.

Warranties and Indemnification

Warranty

Each Consortium Member makes no representation or warranty that the technology it
provides to the Program (a) offers any benefit to water treatment, (b) is free from
infringement of any third party patent, or (¢) is free from claims of ownership by a third
party. Each Consortium Member provides its technology on an ““as is” basis. Nothing in
this Consortium Agreement shall be construed as a warranty or representation of the
validity or scope of any patent, or the validity of Confidential Information contributed to
the Large Element Study.

Indemnification

Each Consortium Member understands that all uses, samples, experiments, modeling
software, or demonstrations, of any technology contributed by any other Consortium
Member, and any element or system which a Consortium Member uses is done at its own
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risk. Each Consortium Member shall hold harmless and indemnify all other Consortium
Members for that Member’s own use of the element or system provided by the other
Consortium Members.

Scope of Joint Work

Scope

The Scope of the Joint Work is laid out under Section 4 of the Proposal (in Appendix B)
and includes developing, executing, and the economic study. Additionally the Members
if the Consortium will develop a consensus regarding an optimum diameter, and
communicate the standard throughout the water treatment industry.

Review

The Committee shall review the Large Element Study as under Article III of this
Consortium Agreement. Each of the Consortium Members shall have exclusive control
and supervision over the conduct of all assigned work related to the Program at its
facilities. The Consortium Members understand that the nature of this joint research and
development work is such that the completion within the period of performance specified
in the proposal, or within the limits of financial support allocated cannot necessarily be
guaranteed. Accordingly, each Consortium Member agrees to use reasonable best efforts
in performing its tasks and the joint work of the Program.

Confidential Information and Ownership

Consortium Member Technologies

All Confidential Information of a particular Consortium Member that is introduced to be
part of the Large Diameter Study shall be maintained by all other Consortium Members
as confidential and not disclosed to any third party without the prior written permission of
the owner of the Confidential Information. To protect Confidential Information from
disclosure under 5 USC §552(a)(3), (“FOIA™) and similar state laws (See
www4.law.cornell.edu/uscode/ ), each Consortium Member, at the time of providing
information to the Large Element Study, will place a notice on the Confidential
Information identifying it as Confidential or Proprietary

Program Developed Technology

Each Consortium Member shall maintain as confidential and not disclose to any third
party, other than for the purpose of the Large Element Study, or for use authorized under
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this Consortium Agreement, all Program Technology without the prior consent of the
owner(s) of such Program Technology.

Patent applications

The filing for and obtaining a patent on a Program Invention shall not be a violation of
section 7.02 of this Agreement by the Consortium Member(s) owning the Program
Invention. However, before filing any patent application on a Program Invention, the
Consortium Member(s) wishing to file shall give the Committee sixty days to review the
agreement, unless a shorter time is dictated by a statutory bar, to raise issues relating to
disclosure of Confidential Information.

Disclosure to other government offices or the courts

Disclosure required by law shall not be a violation of paragraphs 7.1 or 7.2 by a
Consortium Member. However, the Consortium Member shall inform the owner of the
Program Information of such a requirement in sufficient time for the owner to intervene
to stop or mitigate the disclosure.

Publication
Facilitator and Architecture and Engineering Firm

The Facilitator and the Architecture and Engineering Firm will develop a plan, for
Consortium approval, to present the results of the Consortium work in at least one journal
and at least one conference. The Consortium Members shall review and approve by
majority vote any potential publication or conference presentation prior to public release
of the information. A response from the Consortium Members must be made within 30
days of submittal by the author to the members otherwise the author is free to publish the
work at the author’s discretion.

Consortium Members

Subject to section 7.02, Consortium Members may publish information they developed in
the course of work of this Consortium Agreement, or issue press release, subject to prior
review by the Committee for patentable and/or Confidential Information. A copy of each
manuscript proposed for publication or press release shall be submitted to the Committee
for unanimous approval. Publication shall be deferred for up to ninety days at the request
of the owner(s) of such information, until all necessary U.S. patent applications are filed
relating to information in the manuscript or press release, or until all Confidential
Information has been deleted from the manuscript or press release. The Consortium
Members are free to individually publish their own papers and presentations on the
concept of a large diameter element at their own discretion after October 1, 2005,
however, they will still be subject to the terms of Section 7.02.
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Ownership

The ownership of all Program Inventions below shall be subject to the rights of the U.S.
Government as described in Solicitation Number 03-FC-82-0846, subtask E, in
Appendix A.

Independently-Developed Inventions

Each Consortium Member owns and remains free to seek patent protection at its own cost
on any Program Invention conceived and reduced to practice solely by one or more of its
employees or agents. All such Program Inventions shall be the sole property of that
Consortium Member. The owner of such Program Inventions shall grant to each
Consortium Member a royalty-free license for use of the Program Invention during the
Program and for five years thereafter.

Jointly-Developed Inventions

With respect to a Program Invention conceived or reduced to practice jointly by
employees or agents of two or more Consortium Members, such Consortium Members
shall attempt to mutually agree upon whether and how to seek patent protection. The
owners of such Program Inventions shall grant to each of the other Consortium Member a

royalty-free license for use of the Program Invention during the Program and for five
years thereafter.

Program Developed Technologies

Permitted Uses

Each Consortium Member shall be free to use Program Technology developed, whether
patented or not, if required to perform work in furtherance of the Large Element Study.
License for Outside the Study

Subject to the rights of the Government, each Consortium Member shall have a non-
exclusive, royalty-free license for Program Inventions to be used outside of the Large
Element Study, within the field of Desalination and Water Purification.

Contracts with Third Parties

Contracts between a Consortium Member and a third party for use of Program
Technology owned by that Consortium Member are permissible upon disclosure to the
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Committee. Such third party shall be subject to the obligations of nondisclosure and
nonuse relating to Confidential Information in this Consortium Agreement.

Term and Termination

Term

Unless terminated or extended by unanimous consent of the Committee, this Consortium
Agreement shall terminate two years after the effective date. All right accrued under this
Agreement pertaining to grants, ownership, or confidentiality shall survive termination.
All contributions in the form of facilities shall revert back to the owner(s) upon
completion of the Large Element Study.

Membership

Due to the short length of the Program, the Consortium Members may not terminate their
membership voluntarily or without cause. A Consortium Member may only terminate
due to an unforeseeable event beyond its reasonable control where the event is not caused
by that Member’s fault or negligence. Such termination by any Consortium Member
shall terminate all of its rights under this Consortium Agreement, other than those to use
its own or partially-owned technology. Such termination shall not terminate any accrued
rights of the other Consortium Members with respect to rights to continue using the
terminating Consortium Member’s contributed technology, information, or developed
technology pursuant to the terms of this Consortium Agreement.

Miscellaneous

Express grant

No license or right is granted by implication or otherwise in respect of any patent, patent
application, or non-patented technology except as specifically set forth in this Consortium
Agreement.

Side Agreements Between Consortium Members

Any side agreements between Consortium members for the purposes of relating to the

Consortium’s research objectives shall be reviewed by all Committee Members and
approved by a vote of a majority of all Committee Members.
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Antitrust and Patent Issues Association with the Consortium

The Facilitator shall file notice of the formation of this “Joint Program” with the U.S.
Department of Justice and the Federal Trade Commission, under 15 USC 4301, et seq.
within ninety (90) days of complete signing of this Consortium Agreement. If a
Facilitator has not yet been hired, FilmTec Corporation shall file such notice. Any
Consortium Member may file additional information that may be relevant under 15 USC
4301, et seq. during the project.

New Membership in the Consortium

The Consortium intends that no new members will be admitted to the Consortium,
because of the time line laid out in the Proposal.

Modification of the Agreement

This Consortium Agreement may only be modified or amended, in writing, by unanimous
agreement of the Consortium Members.

Assignment

Except as otherwise permitted herein, neither this Agreement nor any rights or obligation
of any Member may be assigned or otherwise transferred without the prior written
consent of all other Members. However, each of the Members may assign this
Consortium Agreement to the successors or assignees of the entire business interests to
which this Consortium Agreement directly pertains.

If a Consortium Member has a prior obligation to assign its patent rights to a parent
company, that Consortium Member shall present, within fifteen days after the effective
date of this Consortium Agreement, evidence to each Consortium Member that the parent
company agrees to provide all rights and licenses to the other Consortium Members in
accordance with the terms of this Consortium Agreement.

Independent Parties

Neither this Consortium Agreement, nor any transaction relating to this Consortium
Agreement, shall be deemed to create a business entity, agency, partnership, or joint
venture relationship among the Consortium Members. Consortium Members are not
employees of the Bureau of Reclamation. Should any provision of this Consortium
Agreement be deemed to create such relationship, that provision shall be deemed to be
void, with all other provisions remaining in full force and effect.
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Dispute Resolution
ADR

Any controversy or claim relating to this Consortium Agreement or any breach of the
Consortium Agreement shall be submitted to the Committee for resolution. If, however,
the Committee is unable to resolve a dispute within thirty days, the Committee shall
agree on a form of alternative dispute resolution (“ADR”) in accordance with the Model
ADR Procedures from the Center for Public Resources, Inc. (www.cpradr.org). If after
an additional thirty days, the Committee cannot agree on a form of ADR, a party to the
dispute may terminate the negotiations. The parties to the dispute may agree to alter the
time limits of this paragraph.

Litigation

A Consortium Member may need to file litigation or other formal proceeding to preserve
its rights under a statute of limitations or other deadline, during the pendency of the
procedure under the 10.08(a). If so, and if allowed under applicable rules, that
Consortium Member will not require the other party to file an answer or other responsive
pleading until the above procedure is terminated. In any event, the filing Consortium
Member will do all that is necessary to stay the action while the procedure in 10.08(a) is
pending. Alternatively, if allowed under the rules, the defending Consortium member
shall agree to toll the statute of limitations during the procedure in 10.08(a).

Notices and Reports

All notices and report pertaining to or required by this Consortium Agreement shall be in
writing and shall be signed by an authorized representative and shall be delivered to the
Project Managers for the other parties, addressed as follows:

FilmTec Corporation

Martin H Peery

Sr. Product Development Specialist
7400 Ohms Lane

Minneapolis MN 55439

Hydranautics

Craig R. Bartels, PhD

Vice President of Research, Development and Applications
Hydranautics

401 Jones Road

Oceanside CA 92054
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Toray Membrane America, Inc.

John W. Arnold

Chief Operating Officer
65 Grove Street
Watertown, MA 02472

TriSep Corp.

Peter Knappe

V.P. Operations

93 S. La Patera Lane
Goleta, CA 93117
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Complete Agreement

This agreement constitutes the entire agreement and understanding among the Members
with respect to the subject matter, and merges and supersedes all prior discussion and
writings concerning the subject matter.

The parties have caused this Agreement to be executed by their duly authorized
representatives.

FILMTEC CORPORATION HYDRANAUTICS

By: By: .

Name: Name:

Title: Title:

Date: Date:

TRISEP CORP. TORAY MEMBRANE AMERICA, INC.
By: By:

Name: Name:

Title: Title:

Date: Date:
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Appendix B — Anti-Trust Guidelines

1. Adhere to prepared agendas for all meetings and object any time meeting
minutes do not accurately reflect the matters which transpire.

2. Understand the purposes and authority of the Consortium.

3. Protest against any discussions or meeting activities which appear to
violate the antitrust or competition laws; do not continue until you are
assured it is proper or the discussion is redirected. Otherwise, discontinue
the meeting.

4. Don’’t, in fact or appearance, discuss or exchange information regarding:
a. Individual company prices, price changes, price differentials,

mark-ups, discounts, allowances, credit terms, or data that bear on
price, costs, production, capacity, inventories, sales.

b. Industry pricing policies, price levels, price changes, differentials,
etc.

C. Changes in industry production, capacity or inventories.

d. Bids on contracts for particular products; procedures for

responding to bid invitations.

e. Plans of individual companies concerning the design, production,
distribution or marketing of particular products, including
proposed territories or customers, except as part of a
distributorship relationship.

f. Matters relating to actual or potential individual suppliers that
might have the effect of excluding them from any market or of
influencing the business conduct of firms towards such suppliers or

customers.
g. Termination of manufacturing as a quid pro quo for supply of a
product.
I. Don’t discuss or exchange information, even in jest, regarding the above

matters during social gatherings incidental to any meetings.






Appendix C — Meeting Minutes and Progress Reports

Note that there are sections of the minutes that have been “whitened-out” in order to
protect the confidentiality of the vessel manufacturers.

Consortium Meeting, September 29, 2003
Location: 2003 IDA Conference, Atlantis Resort, Paradise Island, Bahamas

Attendees: Craig Bartels (Hydranautics), John Arnold (Toray), Matthew Hallan
(Filmtec), Lisa Henthorne (M&E)

Meeting Minutes
Initial discussion to bring Lisa up-to-date regarding administrative issues including:

e Contribution of 400 hours from each Consortium member

e Formal award of the cooperative agreement by the Bureau of
Reclamation (Reclamation) to Dow Filmtec was made during the
last week

e Anti-trust guidelines (to be provided by Filmtec to Lisa ASAP)

e Goal to have the Consortium Agreement finalized by October 10,
2003

e October 28, 2003 for the kick-off meeting in Denver

e QOctober 9, 2003 for the next teleconference call

Discussion of Koch Membrane Systems withdrawal from the Consortium Discussion
centered around issues related to their cost-share contributions impact on Reclamation
funding. Filmtec has provided notification to Reclamation regarding Koch’s withdrawal.

Discussion of getting Lisa’s subcontract in order Lisa is to provide the standard M&E
Confidentiality Agreement and sample Professional Services Contract for the Consortium
members to review as soon as possible. It was determined that Lisa would prepare the
quarterly technical progress reports to Reclamation, as well as the quarterly financial
reports. In the financial reports to Reclamation, Lisa would provide full documentation
of the individual Consortium member cost-share contribution. Blinded financial reports
would be provided to the Consortium members, indicating the respective percent cost-
share contribution and staff days of each Consortium member, as well as the itemized
Reclamation funding expenditures-to-date.

Brief discussion of A&E proposals The objective will be for each Consortium member to
review the proposals and be ready to informatively discuss and come to a decision during
the October 9, 2003 conference call. The first and second “best” proposals should be
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identified in case the first cannot fulfill any special requirements the Consortium may
have. There was the concern that the Consortium should ensure to receive the A&E
services from the staff identified in the proposal, not substitutes. The Consortium should
maintain control of all publications made by the A&E firm, and ensure the A&E contract
stipulates this. Some of the A&E proposals assumed the A&E firm would control the
publication content and location.

Discussion of October 28, 2003 kick-off meeting It was determined that the A&E firm
should not be present for the October 28, 2003 kick-off meeting. Lisa will prepare a draft
agenda for circulation following the October 9, 2003 conference call. The meeting will
be held in the Evergreen, Colorado area.

#
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Teleconference Consortium Meeting, October 9, 2003

Attendees: Craig Bartels (Hydranautics), John Arnold (Toray), Peter Metcalfe (Toray)
Matthew Hallan (Filmtec), Marty Peery (Filmtec), Peter Knappe (Trisep), Lisa Henthorne
(M&E)

Meeting Minutes

Reminder of anti-trust guidelines and considerations.

Request of any changes/comments to the draft September 29, 2003 Consortium Meeting
minutes. Lisa indicated they will become final after 7 days of receipt. If comments are
received, Lisa will edit and they will be re-circulated after which 7 days will pass before
they become “Final” minutes.

Discussion on finalizing the Consortium Agreement. Edits were discussed regarding
3.02 (remove majority voting on funding); 4.02 (c) (voting on funding allocation
changes) and removal of all references to Koch Membrane Systems in the Agreement.
Consensus was reached on all edits, including previous edits by Hydranautics. Filmtec
will take the lead in making the edits and getting the originals out for signature as soon as
possible. Everyone agreed to expedite the signing process once the documents were
received by their company. Filmtec will check on the procedure to be utilized to obtain
signatures from each Consortium member and provide this information to the group via
email immediately.

Discussion of A&E proposals. Each Consortium member discussed the pros and cons of
their 1% and 2™ choices for the A&E firm.

In-depth discussion of CH2M . Lisa and Marty will work together to
negotiate the CH2M Hill contract. Specific issues to be addressed during the negotiation
and included in the contract include:

. Contract language regarding publication rights to be held by Consortium

. Contract language to ensure staff utilized throughout the project is that
which is offered in the proposal

. Lump sum contract to ensure all work is procured based on the budget as
proposed (or negotiated)
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. Immediate need of a Confidentiality Agreement between the Consortium
and CH2M Hill

. Use of CH2M Hill’s proprietary costing model versus WTCost
(Consortium to determine benefits of verification using WTCost)

. Detailed budget breakdown by task including cost share allocation

. Lisa and Marty will hold off for a few days prior to notifying CH2M Hill,
in order to focus on accomplishing the immediate project objectives of
getting the Consortium Agreement signed and Lisa’s contract and CA in
place.

Discussion of Lisa’s CA and Contract. Lisa will prepare an in-depth scope-of-work and
circulate to the Consortium. Additionally, Marty has asked Lisa to prepare an amended
budget to include expected travel and meeting expenses. The issue of funding travel to
conferences for presentation in fiscal year 2005 was discussed. Marty will need to alert
Randy Jackson of this “No-cost” extension required by the uniqueness of this project in
order to be able to cover these 2005 costs. Lisa was directed in her role in the final report
preparation, to coordinate and assist the Consortium members but not to be the primary
author. Lastly, the Consortium discussed the pros/cons of including the conference call
charges in Lisa’s contract, instead of alternating this out-of-pocket expense between
Consortium members. Lisa will check on more cost-competitive options in this regard
and include it in her budget for discussion purposes.
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Teleconference Consortium Meeting, October 15, 2003

Attendees: Craig Bartels (Hydranautics), Matthew Hallan (Filmtec), Lisa Henthorne
(M&E), Peter Knappe (TriSep), Peter Metcalfe (Toray), Marty Peery (Filmtec), Irv
Shelby (Hydranautics)

Meeting Minutes
Review of anti-trust guidelines and considerations.

Request of any changes/comments to the draft October 9, 2003 teleconference minutes.
Marty suggested the language be slightly edited in the last paragraph to replace the
wording regarding Lisa not being the primary author to read that “the preparation of the
final report will be a Consortium team effort, with Lisa being the coordinating editor”.

Consortium Agreement Status

Filmtec indicated the Consortium Agreement would be FedExed out today, with 4 copies
being circulated. Once the Agreement is received, please sign all 4 copies and FedEx to
the next recipient as quickly as possible. Filmtec will be the last Consortium member to
receive the package, and will take the responsibility of sending an original fully executed
(signed) Agreement to each member.

Kick-Off Meeting Agenda

The meeting agenda was presented. It was recommended that the Constraints and
Limitations discussion be moved to the 9:30 am time slot. The Consortium reached
consensus that the vessel manufacturers (Progressive and Pentair Codeline) be requested
to participate in the Constraints section agenda relevant to vessel construction either by
teleconference call or written recommendations. Doug Eisberg will be the contact person
at Progressive and Lisa will contact George Fernandez (President, Codeline, 262-780-
7310) to determine who in Codeline is the best technical contact. Lisa will prepare a
draft email for the Consortium to review by 10/17/03 that will be sent to the contact
people. Similarly, 2-3 pump manufacturers will be sent similar emails (What companies
do we want to use here??)

There was significant discussion regarding the Constraints and Limitations topic
(changed to Constraints, Limitation and Assumptions) regarding topic of potential anti-
trust areas. It was resolved that the Consortium would just have to make agreed-upon
assumptions regarding some of these topics. By beginning these discussions now, we
could lessen the workload at the kick-off meeting.
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As a result, we began discussing assumptions for some of the Study Parameters such as
plant and train size. The plant size is only an issue relative to the minimum plant size for
which the large-diameter element would be applicable. An excellent paper recently
presented by Boris Libermann on the Ashkelon project was suggested as reading material
for all Consortium members. This paper evaluated the issues regarding a centralized
versus decentralized system design, which impacts the train size, control configuration,
pumps sizing, etc. The paper will be circulated to all members to read prior to the next
conference call. Additionally, Irv will send Lisa the paper by Rick Lesan regarding work
on large element diameter membranes.

Follow-on discussion included determination of assumption values for the feedwater
applications and flux rates to be evaluated. The Consortium agreed that rather than
specific feedwater definitions, we would utilize the classifications of Brackish/High Flux,
Brackish/Low Flux and Seawater/Low Flux as then three general categories to be
evaluated. Average system flux rates determined by the Consortium are shown on the
attached table. Because time was running short, Lisa indicated she would make
suggested parameter recommendations for some of the remaining Economic Study
Parameters, for discussion during the next conference call. Additionally, she will revise
the Kick-Off Agenda for further discussion.

It was determined by unanimous vote that the Consortium would benefit by having the
A&E Project Manager present at the kick-off meeting. The date for the meeting was
changed to Tuesday, November 4, 2003 to include time to be able to include CH2M Hill
in this meeting. Lisa will ensure that this date is acceptable to CH2M Hill during the
initial discussions with him. If not, we will adjust the date accordingly.

CH2M Hill Contract. Lisa and Marty will work together to contact Jim Lozier as soon as
possible regarding their potential contract award. She will begin the discussions of the
contract negotiation including those items identified in the conference call minutes dated
October 9, 2003. The other proposed A&E firms shall be notified as quickly as possible
after it is determined that a successful contract negotiation will occur with CH2M Hill.

Discussion of Lisa’s SOW and budget. The revised and detailed SOW prepared by Lisa
was approved. Peter Knappe indicated he did not receive the budget via email, and Lisa
will email it to him ASAP. Marty indicated the budget included the additions of one
additional staff day in Tasks 1 and 2 for additional work being requested from Lisa over
what she had proposed. Travel cost, meeting expenses and teleconferencing calls were
also included in her non-labor budget. The cost-sharing is considerably more than the
initial proposed level due to the additional cost-share being provided by M&E for Lisa’s
increased overhead rate as an M&E employee. The Bureau of Reclamation encourages
as much cost-sharing as possible so this is a positive benefit to the project. With the
exception of Peter Knappe, Lisa’s budget was approved by the Consortium. After Peter
receives the budget by email he will indicate his approval/disapproval in order to ensure
the unanimous vote required on all budget issues according to the Consortium
Agreement. It was determined that the combined budgets for Lisa and CH2M Hill were
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about $94,000, allowing only $6,000 unallocated. This may be needed for unforeseen
financial needs during the project life and should be kept in reserve.

Next teleconference meeting. The next conference call is scheduled for October 22, 2003
at 10:00 am CST, 9:00 am MST and 8:00 am PST. Lisa will set up the conferencing call
and notify all Consortium members of the arrangements.
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Assumption Values for Economic Study Parameters
for 8-inch and Large-Diameter Scenarios

Parameter Brackish — High Flux Brackish — Low Flux Seawater
Plant size (mgd)* 50 50 50
Train size (mgd)

Avg. system flux (gfd) 17-18 10 8-9
Inlet feed pressure (psi) 400 400 1,000
Pretreatment standards 3 4 3
(SDI)

Specific flux (gfd/psi)

Fouling rate (gfd/psi)

Maximum velocity (ft/s)

Minimum velocity (ft/s)

8-inch membrane area per 400 400 370
element (ft%)

A - Large diameter
membrane area per
element (ft)

B — Large diameter
membrane area per
element (ft)

*Will want to identify approx. range of minimum plant sizes that large-diameter elements benefit
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Teleconference Consortium Meeting, October 22, 2003

Attendees: Craig Bartels (Hydranautics), Matthew Hallan (Filmtec), Lisa Henthorne
(M&E), Peter Knappe (TriSep), Peter Metcalfe (Toray), Marty Peery (Filmtec), Irv
Shelby (Hydranautics)

Meeting Minutes
Review of anti-trust guidelines and considerations.

Request of any changes/comments to the draft October 15, 2003 teleconference minutes.
None indicated. The Consortium has 7 days from date of receipt to make comments on
the minutes prior to them becoming final. Once final, Lisa prints them out as Final and
they are kept as a hard copy in a file in her office.

Consortium Agreement Status

Filmtec indicated the Consortium Agreement has not been sent out yet, as originally
anticipated. It is expected that it will be sent out before the end of the week, in the
manner discussed previously. Remember to expedite the signatures once received and
FedEx to the next party.

CH2M Hill Contract Negotiation

Lisa provided an update to the status. Lisa and Marty talked with Jim Lozier on this past
Monday afternoon (10/20/03) regarding notification of contract negotiation with CH2M
Hill. In a separate telephone conversation with Jim, Lisa walked Jim through the specific
issues to be finalized prior to contract award to CH2M Hill. Lisa followed this
conversation up with an email to Jim documenting these issues. Lisa also provided Jim
with her “sample” Confidentiality Agreement and Excel spreadsheet of her budget with
the break-out by project tasks and cost-sharing, for CH2M Hill’s use.

Jim has indicated our suggested Kick-Off meeting date of November 4, 2003 in not
workable for him, and his suggested dates of November 20 or 21 do not work for some of
the Consortium members. The new date for the Kick-Off is Tuesday, December 2, 2003.
Lisa will check with Jim ASAP to ensure this date works for him.

It was determined that the respective Consortium members should notify the unsuccessful
A&E proposers as quickly as possible. Accordingly,
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Lisa will prepare a standard notification email for each individual to utilize, which will
indicate the Consortium’s present negotiation status with one of the other proposers and
that their services are not required at this time.

Kick-Off Meeting Pre-Work

The Consortium members discussed the parameters shown on the attached table at length,
particularly the train and plant size. The Liberman paper is required reading for all
Consortium members prior to next week’s conference call. A significant discussion of
the application of this paper to our project ensued. The issue of decoupling of the high-
pressure pumps from the train is a critical issue. It was not evident that Liberman
considered the energy requirement dictated by operating all the trains within the domain
of a single pump at the pressure required by the train with the greatest pumping need.
There would need to be close monitoring of operation to ensure equal run time on all
trains to minimize this impact. After this discussion, it was clear that the CH2M Hill will
need to run their cost analysis for 2-3 different total plant capacities. Additionally, their
presence is needed to discuss the specified train capacity and decoupling of the pumps
and trains. Lisa will ask Jim to join our November 5, 2003 conference call in order to
begin to get his input on these issues. His participation will be dependent on the ability to
resolve the negotiation issues mentioned above and the subsequent issuance of a Notice
to Proceed to CH2M Hill.

Further discussion followed on some of the remaining study parameters. Estimates for
discussion purposes were determined as shown on the attached table. It was determined
that the pretreatment standards did not require specification but that CH2M Hill should
utilize appropriate pretreatment technologies for the respective applications (BW high
flux; BW low flux; and seawater).

Discussion of status of Lisa’s contract

Marty will be meeting with the Dow lawyer tomorrow (10/23/03) to iron out the last
issues in the contract language. The Confidentiality Agreement appears to be acceptable
to the legal staff. If the provided M&E contract language is unsuitable to Dow’s lawyer,
Lisa offered to switch to a Dow contract to expedite matters. Marty will notify Lisa this
week if there appears to be problems that require her intervention.

Lisa is in the process of switching to her new M&E email address, which is
Lisa.Henthorne@m-e.com Either email address will work, but the new address is
preferred.

Next teleconference meeting. The next conference call is scheduled for October 29, 2003
at 10:00 am CST, 9:00 am MST and 8:00 am PST. All conferencing information is
identical to that used this week, and for the follow-on conference calls. Lisa will not send
out these instructions each week. If you lose or forget the call-in and conference ID
numbers, please let Lisa know and she will resend them to you.
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Teleconference Consortium Meeting, November 5, 2003
Attendees: Craig Bartels (Hydranautics), Matthew Hallan (Filmtec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Jim Lozier (CH2M Hill), Peter Metcalfe (Toray), Marty
Peery (FilmTec), Irv Shelby (Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.
Lisa will send guidelines to Jim for his information.

Consortium Agreement Status

Toray presently has the agreement. Hydranautics, FilmTec and Trisep have signed.
Toray will forward to FilmTec after signature for distribution. Marty will provide Lisa
and Jim with copies for their records.

CH2M Hill Contract Negotiation

Craig and Peter M. provided notification to MWH, Carollo, Hartman and UAI regarding
the Consortium negotiation with another A&E firm. UAI has requested feedback on their
proposal and Peter M. will provide verbally.

Jim provided a CA and edited budget worksheet. There were a few suggested minor
changes in the budget worksheet which Jim will prepare and redistribute. The CH2M
Hill CA language will be incorporated into the FilmTec/CH2M contract language. Marty
has sent the draft contract to Jim for CH2M’s review. Additionally, both Lisa and Jim
will be held to the Bureau of Reclamation Assistance Agreement provisions. Marty will
upload this information to the CH2M ftp site once Jim provides instruction, as the file
size is too large to email from FilmTec. Jim will then forward it to Lisa.

A detailed Scope of Work will be required from CH2M similar to that required from
Lisa. Lisa will email hers to Jim for his information regarding the level of detail
required. Though Jim is out of the country from November 7-15, he will ensure progress
is made within CH2M regarding review of the documents during his absence. The goal is
to get a purchase order issued to CH2M prior to the December 2 meeting. If this is not
feasible, Jim will ensure his attendance by obtaining necessary internal approvals.

Pre-work for Kick-Off Meeting

Lisa provided feedback to Doug this week regarding preference on obtaining only non-
confidential information from Protec. She has not received a reply yet. She has also
contacted Kevin Goodge’s office and provided the letter requesting information from
Codeline and will be talking with him on Nov. 6 when he returns to the office. Jim
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indicated the critical pieces of information from the vessel manufacturers to be diameter
limitation, cost of the vessels, and any handling restrictions.

Regarding obtaining information from other key players in the industry, Jim indicated
that CH2M could gather this input during the economic study (Task 2) of the project.
Jim indicated that the “ergonomic factor” was of particular importance and that this
should be comprehensively discussed at the Kick-Off meeting to ensure its impact is
properly considered in the economic study.

The train size was discussed in relation to the Liberman paper. It was determined that the
assumptions for the economic study would greatly influence the train size. The team will
discuss and determine these assumptions during the Kick-Off meeting and then CH2M
will propose the train size based on these discussions.

The plant size was discussed and Jim indicated that CH2M could develop a cost curve for
cost versus plant size for the 8-inch case and two large-diameters cases in order to
determine at what approximate capacity the large-diameter element becomes most cost-
effective. This will be provided by CH2M within the existing budget structure.

Status of Lisa’s Contract

Marty will provide a copy of Lisa’s contract for review to the Consortium members. It is
anticipated that a purchase order can be issued by November 10, 2003.

Lisa will provide a contact list for the team ASAP.
Next teleconference meeting The next call is scheduled for Friday, November 21 at 8:00

am PST, 9:00 am MST, and 10:00 am CST. Call-information remains the same for all
calls.
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Teleconference Consortium Meeting, November 21, 2003

Attendees: Lisa Henthorne (M&E), Peter Knappe (Trisep), Jim Lozier (CH2M Hill),
Peter Metcalfe (Toray), Marty Peery (FilmTec), Irv Shelby (Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Consortium Agreement Status

All parties have signed the Consortium Agreement and originals have been sent out to
each Consortium member. Marty will send a copy to Lisa and to Jim for their records.

CH2M Hill Contract Negotiation

The Dow lawyers are presently reviewing the comments received by the CH2M staff on
the contract language for the Dow/CH2M contract. Their response is expected back to
Jim by Monday, November 24, 2003. Jim is in the process of developing the detailed
Scope of Work (SOW), and is awaiting input from other CH2M team members. One
issue that remains outstanding in the CH2M proposal is their proposed concept of
utilizing a constant number of vessels for each train for each of the costing scenarios (8-
inch and two large-diameter element scenarios). This concept was discussed by the
Consortium and was generally accepted as being less limiting than other options.
Unfortunately it will preclude the study from determining an approximate train size at
which the large-diameter element becomes cost-effective. Jim will address this issue
specifically in the SOW to provide some flexibility in this regard. The Consortium will
review this language to ensure it is acceptable to meet the needs of the project.

Pre-work for Kick-Off Meeting

Lisa indicated that both Protec (Doug Eisberg) and Codeline (Kevin Goodge ) will
individually participate in the upcoming Kick-Off meeting via a teleconference call. The
questions generated by the Consortium have been distributed to both parties. Lisa will
notify them as to the call-in information and time.

The issue of including metal tubes into our discussion was introduced, particularly for
seawater applications. Koch is presently using medal tubes in their large-diameter
element application in their refinery in Corpus Christi, Texas. It was decided that the
Consortium will wait until after the Kick-Off Meeting and discussions with Protec and
Codeline to determine whether metal tubes should be considered and manufacturers
consulted.

The Kick-Off Meeting Agenda was evaluated and no comments were introduced.
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The logistics of the Kick-Off Meeting were discussed. All parties will be residing at the
Quality Suites. Lisa will re-send the logistics information to all parties, as some did not
receive them. Lisa will plan on meeting all attendees in the lobby of the hotel about 7:30
am for transportation to the meeting at the Mt. Vernon Country Club. We will need to
ensure we wrap up the meeting by 5:00 pm to allow the Dow staff to catch their flight.

Lisa will have a computer and meeting supplies at the meeting site, including a flip chart
and tape recorder for documenting the day’s discussion. Lisa will utilize the tape
recorder to prepare the minutes from the meeting, and will then destroy the tape. Peter
Metcalfe will bring an LCD projector to the meeting.

Status of Lisa’s Contract

Lisa’s contract has been finalized and is in place within Metcalf and Eddy.

Next meeting Kick-Off Meeting in Evergreen, Colorado on Tuesday, December 2, 2003.
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Meeting Minutes

Membrane Consortium Kick-Off Meeting,
December 2, 2003

Held at the Mt. Vernon Country Club, Boardroom, Golden, CO

Attendees: Craig Bartels (Hydranautics), Matthew Hallan (Filmtec), Lisa Henthorne
(M&E), Peter Knappe (TriSep), Jim Lozier (CH2M Hill) Peter Metcalfe (Toray), Marty
Peery (Filmtec), Irv Shelby (Hydranautics)

Anti-Trust guidelines
The meeting began with a thorough review, reading and discussion of the anti-trust
guidelines and considerations. The guidelines, as discussed, include:

DO: Adhere to the Agenda
Understand the purpose of the meeting
Protest or speak up if concerned

DON’T Discuss in fact or appearance:
I. pricing of membrane products or data that bears on pricing or
production

2. Industry pricing policies

3. Changes in industry production

4. Bids on contracts or procedures

5. Plans concerning design or production of products
6. Matters relating to suppliers of raw materials

7. Termination of manufacturing of a product

Socially exchange information or discuss any of these matters

Review of project goals and objectives

Project goal: Establish an optimum large diameter element standard agreed upon by the
Consortium thereby enabling competitive project bidding, considering manufacturability,
system design limitations and capital cost reductions.
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Project Objectives

1. Develop the parameters, outline and scope of an objective and
comprehensive Economic Study

2. Conduct the Economic Study including capital and life cycle cost analyses
of different element diameters in different applications.

3. Develop Consortium consensus regarding optimum parameters

4. Communicate recommended standard and supporting documentation to
industry and water treatment community

A lengthy discussed ensued regarding soliciting input from potential users now. As a
result of this discussion, the Consortium decided to develop a press release and survey to
gain the following information.

Purpose: Communicate to users that this is on-going and get buy-in from users
Timing: Harvest the info in early January to use it in the Economic Study

Input to be requested: Benefits and advantages and disadvantages
Issues they perceive (handling)
Would they consider using large diameter elements?
What info do they need to see (cost, performance)?
What is the potential size of their future plants?
What limitations of applications?

Names: We should provide Lisa with 5-10 names (OEM’s End Users, A&E)
from each member company by 12/8/03. Lisa will provide first draft of document
by 12/8/03. The document can be sent via email to these individuals with a
follow-on phone call from each specific Consortium member. The email will
include the overview of the project. We should ensure that we include Yuma.

Expected meeting accomplishment
We want to accomplish the following today:
Provide sufficient information for Jim to get started on the Economic Study
Develop the assumptions and design parameters for the Economic Study
Determine a picture of the final products including:
Report to USBR,
Technical papers and presentations
CH2MHill Report
Clear definition of limitations and assumptions
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Economic Study Outline

What do we want to achieve with the Economic Study?

Good Baseline (believable, credible, document assumptions,

Relative Assessment (not necessarily absolute costs, relative value of large
diameter, generic based on assumptions, recognize site specificity of RO, consider
upper bound limits)

What does the Economic Study look like?

Definition of cases

General assumptions and specific assumptions

Design including process flow diagram of the entire plant and lay-outs of the RO
building

Cost analysis of the 9 cases including output sheets

The study will also indicate the number of plants the cost model is based up and
will include labor costs

Results and conclusions

Discussion of Assumptions, Constraints and Limitation

Assumptions
1.

Element Length — 40” (alternate lengths may be available whereas the
vessel length is more important)

Element Performance — No difference from current 8” performance
Fouling Rate — Same, based on same hydraulics

Active Area — 400 {t2/370 ft2 SWRO scaled as a function of the square of
the diameter

Core Tube diameter — scale product water tube diameter with the flow
increase to maintain same velocity.

Life Cycle costs — 5% discount rate 20 year term with sensitivity case of
alternate term,

Power costs - $0.06/kwhr for BWRO, $0.04 for SWRO

Recovery — 85% for BWRO cases, need to minimize waste, limited by
scaling for SWRO —45%

Temperature — 25 C
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10.

11.

Limitations
1.

5.

6.

Permeate Pressure — 15 psi to move water to storage

Membrane Life — 5 years

Manufacturabilty

Leaf length and number of leaves
Delta P loading on last element
Element length

Core tube diameter

Koch used 2, unsure why (availability, same linear velocity,
mechanics of attaching leaves)

Handling and loading
Need to ensure we address this in the final report

How are we going to load — will impact footprint

Vessel Manufacturability (see attached responses from Pentair and
Progressive Composites)

Hydraulics
Element components

ASME code restrictions 20” BWRO, 16” SWRO

Discussion of Economic Study Parameters

The following parameters were determined

Plant Sizes to be evaluated: 25, 50, 100, and 150 Mgd; Base Case is 50 mgd
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Assumption Values for Economic Study Parameters
for 8-inch and Large-Diameter Scenarios

Parameter Brackish — High Flux Brackish — Low Flux Seawater
Plant size (Mgd)- Base 50 50 50
case

Train size (Mgd) 12.5 10 8.4
Vessels per train 70 90 90
Trains per plant for Base 4 5 6
case

Elements per vessel 7 7 7
Feedwater salinity (mg/L) 800 1,500 38,000
Avg. system flux (gfd) 16 10 9
Inlet feed pressure (psi) 400 400 1,000
Specific flux (gfd/psi) 0.2-0.25 0.12-0.13 0.03-0.04
Fouling rate (%) 5 10 5
Brine/permeate ratio 5:1 5:1 5:1
Cleaning frequency 1 per year 3 per year 2 per year
Staging 2:1 21 single
8-inch membrane area per 400 400 370
element (ft%)

Diameter A (inches) 16 16 16
Diameter B (inches)* 20 20 12

*To be finalized at a later date via conference call

Additional Outreach Efforts — Press Release for our Consortium, IDA, AWWA, ADA,
MTN, etc. Request input from industry personnel (Peter Knappe will set up a web site
for their input) Lisa will prepare draft press release for review and comment.
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Teleconference Consortium Meeting, December 17, 2003

Attendees: Craig Bartels (Hydranautics), Matt Hallan (FilmTec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Jim Lozier (CH2M Hill), Peter Metcalfe (Toray), Marty
Peery (FilmTec), Irv Shelby (Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.

CH2M Hill Contract Status

The CH2M contract has been finalized and should be signed and mailed to CH2M in the
next few days.

Comments on Kick-Off Meeting minutes and vessel manufacturer’s Q&A

The minutes and Q&A were accepted as final by the Consortium.

Kick-Off Meeting Post-Work

The Consortium Team discussed the value of obtaining more specific and refined
feedback from the vessel manufacturers at the 16 diameter (and eventually the
alternative large-diameter). Lisa will send an email to both Kevin Goodge and Doug
Eisberg ASAP to obtain this information.

The survey form was discussed at length and improved based on feedback from each
attendee. Lisa will make the appropriate changes and provide to each Consortium Team
member for their distribution. The distribution list was further refined as well. Lisa will
ensure no duplications exist in the list and email it with the assigned contacts to each
Consortium Team member. It was noted that the survey should be emailed out from each
individual as soon as possible. The deadline for submission of the surveys is January 9,
2004. Each Consortium Team member should be prepared to follow up by phone with
their respective contacts early in the week of January 5, 2004 to answer any questions and
remind the contact to email or fax their completed surveys to Lisa.

The press release was discussed and further refined. Peter K. suggested that the press
release not be distributed until the website was up and running. Peter K. will take
responsibility for the website and provide a draft of the contents to the Team for review
before it becomes accessible to the public. Each membrane company within the
Consortium should email Peter K. their logo at their earliest convenience. Peter K. will
provide the draft as soon as possible for review.

Jim and Bob Bergman have not had an opportunity to discuss the project details further,
in order to determine if there is additional information needed from the Consortium or
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issues to be resolved prior to initiation of the Economic Study. Jim is to have a
conference call with Bergman in the coming week regarding the project and will email
any issues or questions to the Consortium after the call.

1*" Quarter Progress Reports

The 1*" quarter progress reports are due to Reclamation in January. Lisa will prepare the
draft technical progress report and send to each to review by January 9, 2004. Lisa
requests that the financial information be provided to her by January 9, 2004 in order that
she can prepare the draft financial report to FilmTec for submittal. Please submit labor
hours, direct expenses and any other related costs to Lisa. Lisa will prepare a ‘blind”
submittal to Filmtec which will be a composite cost-share value for the Consortium. This
will then be submitted directly from FilmTec to the Bureau of Reclamation.

Next meeting The next teleconference call is scheduled for Wednesday, January 7, 2004
at 8:00 am PST, 9:00 am MST and 10:00 am CST.
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Teleconference Consortium Meeting, January 28, 2003

Attendees: Craig Bartels (Hydranautics), Matt Hallan (FilmTec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Bob Bergman (CH2M Hill), Peter Metcalfe (Toray),
Marty Peery (FilmTec), Irv Shelby (Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Comments on Minutes from January 7 conference call

The minutes were accepted as final by the Consortium.

Follow-On with Vessel Manufacturers

Survey

The team discussed the overall response from the surveys. It was agreed that the
information needed to be condensed down into something more useable and quantitative.
Marty agreed to take on this assignment. Additionally, the survey results from the
website survey will be compiled in an Access database and Peter K. will provide this
periodically to the team. To date there have been 110 hits on the website.

Press Release
Lisa reported that the project press release was made to SEDA, IDA, AMTS, EDS,
D&WR Quarterly, AWWA Journal and Water Desalination Report. There were follow-

on questions from a number of these entities which Lisa responded to.

CH2M Hill Questions

Bob had a number of questions which he posed to the team. This listing and responses is
shown below:

1. Will feed water bypass/blending be considered for the low TDS cases? --
No; not in any of the cases.

2. Will energy recovery be considered for the low TDS cases? -- No;
only consider for the seawater source water.
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What should be the assumed plant operating factor for the operating cost
calculations to allow time for maintenance, cleaning, repairs. etc.? -- 95%

What site costs should be considered (outside of the membrane building)?
-- None are required.

The December 2 meeting minutes included the train size for each source
water in a table of assumptions. Is that the train size for all membrane

elements sizes? -- No; just the larger diameter elements (the 8" elements
will have the same number of pressure vessels per stage but smaller’train
capacity); CH2M HILL should propose an assumed train size for each case
after re-review of the Faigon-Liberman IDA paper.

Also in the Dec 2nd assumption table, what is the meaning of the inlet

feed pressure? -- It is the pressure vessel rating; not the assumed
membrane feed pressure for the cost analyses; CH2M HILL is to propose
an assumed feed pressure for each case.

Confirm if the design is to assume one feed pump per train of a pumping
center concept? -- Use the pumping center concept for all cases.

What pressure vessel costs shall be assumed for the 8" vessels and what

should be the scale-up factor for the larger sizes? -- CH2M HILL shall
review the correspondence from the two pressure vessel manufacturers
and propose assumed costs and size scale-up factors.

1*" Quarter Progress Reports

The technical and financial progress reports were submitted to the Bureau of
Reclamation. Marty reported that the cost sharing amounted to $54,758.35 from the 1%
quarter from the Consortium members. This number does not include the $9,146.95 from

M&E.

Other

Lisa announced the upcoming IDA workshops on seawater RO pretreatment and invited
the Consortium members to participate in the manufacturer’s roundtable at this
workshop. Lisa will provide follow-on information to the Consortium regarding the topic
of discussion for the roundtable.

Next meeting The next teleconference call is scheduled for Tuesday, February 10, 2004
at 8:00 am PST, 9:00 am MST and 10:00 am CST.
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Teleconference Consortium Meeting, February 26, 2004
Attendees: Craig Bartels (Hydranautics), Matt Hallan (FilmTec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv
Shelby (Hydranautics), Jim Lozier (CH2M Hill)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Comments on Minutes from January 28 and February 10 conference calls

No one received the minutes which Lisa sent out on February 12. The team did receive
the minutes within the package of all meeting minutes which were emailed to Frank
Leitz, the Bureau of Reclamation COTR, on early February 26.

Due to email problems, Lisa will request receipt notification when sending important
emails to the team.

We will finalize the January 28 and February 10 minutes at the next conference call, in
order to allow time for people to review them.

Follow-On with Vessel Manufacturers

Survey

Everyone was very pleased with the work Marty accomplished in summarizing the results
from the survey. Marty explained the process he utilized to make the analysis. Of
significance in the results was the prominence of the savings in plant footprint afforded
by large-diameter elements. CH2M will be including this analysis in their work.

Also of note was the municipalities interest in ensuring procurement of vessels from
multiple sources. The team discussed the threshold of newly installed capacity required
to meet the 1,000 vessels per year per vessel manufacturer needed to make it financially
feasible. This threshold was determined to be approximately 240 mgd per year. We will
need to include a thorough analysis of this market evaluation in the Final Report.

Handling of the large-diameter elements was the most significant concern voiced in the

survey. Both the elements and endcaps will require special handling equipment. Pushing
the elements into place is also a concern of the Consortium. CH2M will initially assume a
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10-foot area is required around the ends of the train to maneuver a fork-lift. Irv will
prepare a brief analysis of potential handling equipment and the footprint required.
CH2M will revise their overall footprint analysis based on Irv’s results. It will also be
necessary to include this analysis in the Final Report.

CH2M Hill Questions

There was significant discussion regarding the questions and responses provided in the
last conference call. A problem developed in utilizing the train size for the large-
diameter lay-out and assuming the same number of vessels for the 8-inch case. As a
result, the constant vessel number approach will not be utilized but the 8-inch case will
utilize 4 mgd train sizes.

Additionally, Bob recommended a change be made in the high flux and low flux brackish
water scenarios. The high flux brackish case will be changed to 1,500 mg/L feedwater
salinity and 15 gfd average flux. The low flux brackish case will be changed to 800 mg/L
feedwater salinity.

A summary of the questions and responses summarized by Bob in follow-on emails are
as follows:

1. Please confirm that we may use a single applied pressure for each source
water condition (as we assumed in our original proposal) and that the
fouling rate shown in the 12/2/03 assumption table does not need to be
considered for estimating an increased pressure over time for the power
cost analyses. -- Yes, it is OK to assume an average applied pressure (one
for each of the three cases) for the power cost estimates.

2. Please confirm that the sea water RO design will be a single pass system
and no partial brackish water RO second pass will need to be assumed. --
Yes, the seawater case design is single pass.

3. Can we change the 8" elements train size criteria to be more representative
of large plants? The current method of having the same number of
pressure vessels as in the large diameter element trains is making the 8"
trains to small. -- Yes, make the 8" trains approximately 4 mgd each. [It
was agreed that CH2M HILL does not have to prepare multiple drawings
showing the differences in the 8" and large diameter element trains.]

4. We recommend that the following changes be made to the 12/2/03
assumption table: (A) brackish water high flux - change feed salinity to
1,500 mg/L, flux to 15 gfd, and recovery to 75% to represent a typical
brackish groundwater system that has recovery limited by inorganics; (B)
brackish water low flux - change feed salinity to 800 mg/L to represent a
lower TDS surface water or reuse application. -- These changes are
acceptable
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5. Are we to prepare the cost estimate for each of the three cases considering
assumed pretreatment, post-treatment, and facility costs so the relative
cost difference between 8" and large diameter elements trains can be
determined and compared to the difference in total plant costs. -- Yes
[Also, conventional groundwater pretreatment is to be used for the
brackish high flux case and MF/UF pretreatment for the other two cases.]

Additional Questions

1. What is the basis for the pressure vessel manufacturers comments about
cost scale-up? Did they assume end ports, side ports, or multiport styles
for each of the three cases? Is the scale-up factor different for the
three cases? A multiport design would minimize train manifold
piping. Can large enough side ports (or multiports) be installed in the large
diameter pressure vessels to be a viable product?

2. There is a very significant difference in the weight of the pressure vessels
given to us by the two pressure vessel manufacturers. What is the basis
for the weight estimates? Did they assume elements are installed or just
empty vessels? Are they dry or "wet" weights? What type of vessel
design(s) (end port, side port, or multiport) do the estimates assume?

Next meeting The next teleconference call is scheduled for Thursday, February 26, 2004
at 8:00 am PST, 9:00 am MST and 10:00 am CST.
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Teleconference Consortium Meeting, March 17, 2004

Attendees: Craig Bartels (Hydranautics), Matt Hallan (FilmTec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv
Shelby (Hydranautics), Peter Metcalfe (Toray)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Minutes from January 28, February 10 and February 26 conference calls

All minutes accepted as final.

Further Discussion regarding Handling

From discussions with the Yuma staff, particularly Mike Norris, Irv indicated that their
12” end-caps were all placed by hand (no handling device). A plunger mechanism
attached to the loading device assists in loading the elements into the vessels at the Yuma
Plant.

It was discussed that for the larger diameter elements, more stabilization is required to the
vessel platform to compensate for the pushing and pulling of loading elements. For the
purpose of Bob’s costing activities, it was assumed that two lift mechanisms would be
required for loading elements, one of which would be equipped with a plunger.

AWWA Membrane Conference Call for Papers

The recent announcement of the Call for Papers for the 2005 AWWA Membrane
Conference was discussed. Everyone agreed we should pursue publication of the project
results at this conference. Lisa will prepare a draft abstract for the team to review, using
the scope of the project from the proposal as a guide. All Consortium members will be
listed as authors.

Economic Analysis

The team reviewed the flow diagrams and drawings, as well as the initial content in the
cost estimate pdf files. A discussion was held regarding the need for cartridge filters
downstream of the MF/UF systems in the brackish low flux and seawater cases. It was
decided that no cartridge filters would be required, but in-line strainers would be used
instead for these applications.

Bob indicated the work exchanger was used for cost estimating the energy recovery

device. In the next edition of drawings, the flush pumps will be included in the process
flow diagrams.
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Bob also indicated that in our original assumption table, in the brackish water low flux
case, we assumed a 7M vessel with 85% recovery in two stages. This is not physically
possible. The team decided to assume a three-stage design for the brackish water low
flux application, keeping the recovery at 85%.

Bob indicated there was no “local” factor included in the design. The CH2M Hill cost
program utilizes a composite of U.S. facilities, and therefore the results would be
applicable to a generic U.S. location.

Because the preliminary results which Bob provided indicated only a slight cost
distinction between the large diameter and current 8-inch cases, Bob made it clear that
the data was very preliminary at this point. Many of the estimates were placeholders and
the bottom line did not reflect the final analysis. Bob also indicated that he predicted the
large-diameter improvements would not be as significant as that seen in the Metropolitan
Water District (MWD) analysis due to our assumptions. These differences in
assumptions include 1) the number of pressure vessels per train; and 2) the centralized
versus decentralized pumping/ER approach. The assumptions we are utilizing for this
project are more realistic than the MWD assumptions, that is, we are varying the pressure
vessel per train between 8” and large diameter cases and utilizing the centralized
pumping/ER strategy.

Bob also sought input from the team on changing the TDS assumption to 2,000 for the
brackish high flux case, as more representative of groundwater plants in the U.S. The
team agreed.

Based on the limited viability of the cost information presented for the 8 and 16” cases,
the team agreed to wait to make a decision on the alternate large diameter. Bob indicated
the cost information for the 8” and 16 cases would be provided by March 26, 2004.
April 8 was scheduled for the next conference call, allowing sufficient time for everyone
to review the March 26 results. The goal is to have all the cases completed by the end of
April.

Schedule Consensus Meeting

Dates were discussed for the Consensus meeting. May 11 appeared satisfactory. Follow-
on emails after the conference call indicated this date would not work. Lisa will
determine an acceptable date for everyone, including Frank Leitz, and provide this
information prior to the next conference call.

Next meeting The next teleconference call is scheduled for Thursday, April 8, 2004 at

8:00 am PST, 9:00 am MST and 10:00 am CST. Be prepared to discuss the 16-inch case
results to be provided by CH2M on March 26.
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Teleconference Consortium Meeting, April 8, 2004

Attendees: Craig Bartels (Hydranautics), Matt Hallan (FilmTec), Lisa Henthorne
(M&E), Peter Knappe (Trisep), Jim Lozier (CH2M Hill), Christian Colvin (CH2M Hill),
Marty Peery (FilmTec), Irv Shelby (Hydranautics), Peter Metcalfe (Toray)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Minutes from March 17, 2004

Minutes accepted as final.

AWWA Membrane Conference Call for Papers

The abstract was approved for submittal to AWWA. Jim Lozier will be the
corresponding author, but all team members will be official authors. Jim was concerned
regarding the copyright form requirements. Lisa will address the copyright as needed at
this stage. Lisa will submit the abstract on behalf of the Consortium.

Economic Analysis

Bob has recently emailed pdf files containing the isometrics and CPES files for the 8-inch
and 16-inch diameter cases for the three feedwater applications. Additionally, a summary
table was provided which compares the economics for each of the cases. Jim will email
the table documenting all the assumptions that were utilized in the analysis. The
discussion focused on the summary table. It was noted that the O&M cost differed
between the 8-inch and 16-inch cases. Christian indicated that he believed the primary
difference was attributed to the lower cleaning cost for the 16-inch case due to reduced
piping requirements. The team voiced a desire to have the Total Water Cost (TWC) for
each of the cases. There was a concern voiced regarding the accuracy of extrapolation to
a 50 Mgd facility. Jim indicated a conservative pricing approach was utilized to
compensate for the lack of data relevant to a 50 Mgd facility. CH2M used vendor quotes
to provide the needed information in these instances.

The team discussed that in the MWD analysis only RO system cost were considered.
This type of analysis demonstrates a larger % change from larger diameter elements. The
team asked that both the RO and total plant cost be broken out so that the % change in
cost could be evaluated for each. Also, the team asked that the footprint size be included
in the summary table for each case.

There was a brief discussion regarding the recent advertisement in the AWWA journal of
the 18-inch diameter element.
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Discussion then focused on the alternative large-diameter size. From the results provided
on the 16-inch, it appears that the larger the diameter, the more significant the savings.
The team discussed the relative merits of 20-inch, 12-inch and of a technology leap to a
24-inch diameter design. The 24-inch diameter would push the bounds of existing
technology and would be a what-if evaluation.

Because of time considerations, the team adjourned to reconvene next week. CH2M will
take the lead to schedule this conference call. Bob will be available during the call to

answer specific questions relative to the economic analysis.

Schedule Consensus Meeting

May 25 appears workable. Note that since this conference call the meeting date has
changed to May 27.

ond Quarter Progress Reports

Lisa asked that all financial information be provided to her by April 16. Lisa will email a
draft 2" quarter progress report for review by April 16 as well. Jim will provide Lisa
with text to address CH2M’s progress.

Next meeting The next teleconference call is scheduled for the week of April 12. CH2M
to schedule the specific time.
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Teleconference Consortium Meeting, April 13, 2004
Attendees: Craig Bartels (Hydranautics), Lisa Henthorne (M&E), Peter Knappe (Trisep),
Jim Lozier (CH2M Hill), Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv Shelby
(Hydranautics), Peter Metcalfe (Toray)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Alternative Diameter

Lisa reiterated the deliverable for the project: a recommendation for the industry for a
large-diameter element standard. There was discussion as to the necessity of having to
evaluate the specific economics for this standard or whether an interpolated diameter
could be recommended. The consensus was that interpolation was acceptable.

If a 24-inch diameter was chosen as the alternative diameter for analysis, it would require
significant interpolation between 16-inch and 24-inch.

There was discussion regarding the option of recommending two standards, one for
brackish water and one for seawater. It was felt that this was unacceptable as it would
require a very large number of very large plants to justify the membrane and vessel
manufacturers’ increased manufacturing and development costs for multiple large-
diameter standards.

Jim reiterated that cost was only part of the equation. Handling considerations, vessel
supply and demand were equally important considerations.

Bob indicated that the current economic analysis assumes that element cost is a direct
function of membrane area, i.e. 4:1 ratio of cost for 16-inch:8-inch comparison. Should
this assumption be utilized for our alternative diameter? The Consortium indicated yes,
as they could not enter into discussions regarding element cost within the Consortium.

Jim indicated that if the range of diameters was 8- to 16-inches for the seawater and 8- to
24-inches for the brackish water applications, the accuracy between the analyses would
be different. The team preferred to use the same alternative diameter for both seawater
and brackish water applications.

The train size was also discussed. We don’t want to have less than 4 trains for a plant so
that the plant availability is acceptable during train shut-downs. This will require some
additional analysis at the 25 Mgd plant size.

After lengthy discussion, the team chose 20-inches as the most suitable alternative

diameter, as it was plausible for both brackish and seawater applications and meets the
other desired criteria presented above.
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Bob will prepare the economic analysis for the 20-inch design and provide it to the team
by April 21. CH2M will also begin the analysis of alternative plant capacities of 25, 100
and 100 Mgd (50 Mgd is the capacity used in all analyses to date).

Schedule Consensus Meeting

The meeting date has changed to May 27.
Lisa will provide a draft agenda by April 16 for the team to review.

ond Quarter Progress Reports

Reminder, please send financial information asap.

Next meeting The next teleconference call is scheduled for April 29, 8:00 am PDT.
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Teleconference Consortium Meeting, April 29, 2004

Attendees: Craig Bartels (Hydranautics), Lisa Henthorne (M&E), Peter Knappe (Trisep),
Jim Lozier (CH2M Hill), Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv Shelby
(Hydranautics), Peter Metcalfe (Toray)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Acceptance of minutes from April 8 and 13

Minutes were accepted and Lisa will email them to Frank Leitz and Susan Martella, the
COTRs.

Economic Analyses at 50 mgd

Bob led the group through a discussion of the 20-inch scenario cost files indicating there
had been some minor errors which had been fixed in the CPES models such as the inlet
pressure on the brackish surface water case, and the cleaning cost and number of
cleanings. The results indicate there is no significant economic benefit to go from 16-
inch to 20-inch diameter.

Bob has also done a side-by-side comparison to the MWD study comparing the 8- and
16-inch diameter elements. He indicates that by going to a centralized pumping and
energy recovery and the same number of pressure vessels per train, we have eliminated
some of the economic benefit as seen in the MWD study. Additionally, with our cost
assumptions of a straight 4:1 ratio for membranes and vessel cost for 16-inch compared
to the 8-inch scenario, we do not gain any economy-of-scale benefits. Our cost savings is
primarily in piping and instrumentation.

Alternative Capacities

The team discussed the challenge of evaluating the 25 mgd case for the alternate capacity
evaluation. Presently we anticipate developing cost curves at 25, 50, 100 and 150 mgd.
The challenge at 25 mgd is the requirement to not fall below 4 trains. This will require
additional work on the cost models to include the modifications to utilize a minimum of 4
trains. Bob will develop an estimate of how much additional time is required for CH2M
to develop the 25 mgd cost estimates.

There was continued interest in evaluating a 10 mgd case in order to ensure the users
understand where the economics for large-diameter elements become beneficial.

CH2M Hill will develop a spreadsheet indicating the work they have done beyond their
original scope and what additional work may be required.
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Consensus Meeting

The draft agenda has been provided to the team. Discussion of the agenda will wait until
the economic analyses results have been more fully discussed. There is a concern that we
may not be sufficiently completed with the economic analyses to hold our meeting on
May 27. We will discuss further on the next conference call.

ond Quarter Progress Reports

Progress reports were submitted. In-kind cost-sharing is $58,488 through the second
quarter.

Next meeting The next teleconference call is scheduled for May 5, 8:00 am PDT.
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Teleconference Consortium Meeting, May 5, 2004

Attendees: Craig Bartels (Hydranautics), Lisa Henthorne (M&E), Peter Knappe (Trisep),
Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv Shelby (Hydranautics), Peter
Metcalfe (Toray)

Meeting Minutes

Review of anti-trust guidelines and considerations.

Economic Analyses - Comparison to MWD Results

The discussion focused on the comparison of the 8- and 16-inch results for a 50 mgd
plant to the MWD study results for a 185 mgd plant. The comparison utilizes the
brackish groundwater for comparison as being most representative to the MWD scenario.
Bob presented the assumptions he has used, particularly in developing the overall RO
skid cost. The biggest assumption was the utilization of a detailed lay-out for the
seawater scenario which was then ratioed in cost for the brackish groundwater and
surface water cases. Bob indicates that as a result of our discussion, he has probably not
provided sufficient benefit to the large-diameter cases for this ratio, and he will revise the
cost estimates accordingly. Additionally, from our discussion, Bob will re-evaluate the
footprint and equipment cost, the labor rate and number of staff. He will provide these
revisions by May 14.

CH2M Hill Scope Expansion

The additional cost required by CH2M to prepare the 25 mgd case has not been prepared
yet. Lisa will discuss with Jim asap the need to provide a spreadsheet of all tasks that
have been or may be done which are beyond their existing scope, with the associated cost
estimates. These include the 25 mgd capacity cost, a detailed layout and cost for the
brackish groundwater and surface water cases, and a detailed layout and cost for the 20-
inch seawater skid.

Consensus Meeting

It was determined that the meeting should be postponed until the week of June 7. Lisa
will determine the availability of Frank Leitz and Susan Martella, and the meeting
location.

Next meeting The next teleconference call is scheduled for May 17, 8:00 am PDT.
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Teleconference Consortium Meeting, May 17, 2004
Attendees: Craig Bartels (Hydranautics), Lisa Henthorne (M&E), Peter Knappe (Trisep),
Jim Lozier (CH2M Hill) Bob Bergman (CH2M Hill), Marty Peery (FilmTec), Irv Shelby
(Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.

CH2M Hill Scope Expansion

Jim and Bob walked the group through the spreadsheet of their scope expansion and
related cost. They had held a brief conference call with Marty and Lisa immediately
prior to the team conference call. Items 1-3 were tasks that have already been completed
including the additional CPES modeling cost not originally anticipated, preparing the
comparison table to the MWD study, and conducting the CPES model modifications
required for the 25 mgd capacity evaluation. Items 4-6 include detailed cost estimates for
the 20-inch seawater case, and detailed costing for the groundwater and surface water
cases, respectively. Peter K. had to leave the conference call during this discussion. The
remaining Consortium members recommended that the CH2M scope be modified to
include Tasks 1-4. After evaluation of the alternate capacity cost curves, an additional
task may be added to evaluate 10 mgd.

These recommendations will be made to those Consortium members not on the
conference call to gain their concurrence before this action can be implemented. Funds
to cover this additional scope will come from the remaining $6,400 in the Reclamation
funds and the contribution of $5,000 from Lisa from her scope for non-labor items which
have not been required.

Economic Analyses

Bob presented the changes in the cost estimates based on applying the new assumptions
developed during the May 5 conference call regarding the RO skid cost using the same
ratio for the brackish water as that determined from the detailed lay-out and costing for
the seawater cases. Additional changes which were made include building cost
adjustments, and an increase in the labor cost and number of staff. Additionally Bob
fixed an error related to the energy recovery savings on the O&M costs. These changes
have made a significant impact to the cost savings. The cost now compare closely to
those seen in the MWD study. A 249% savings is realized in capital cost for 16-inch over
8-inch elements. An 11% savings is seen in life cycle cost.

135



Consensus Meeting

June 8 is the revised meeting date. Peter K. has a conflict but will determine if he can
reschedule to accommodate the June 8 date (Note: Subsequent to the call Peter K. has
notified Lisa that June 8 will work). Lisa will check to ensure the meeting location is

available and notify the team asap.

Next meeting The next teleconference call is scheduled for May 25, 8:00 am PDT.
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Consensus Meeting
Mt Vernon Country Club
June 8, 2004

Attendees: Marty Peery, Frank Leitz, Peter Metcalfe, Jim Lozier, Irv Shelby, Craig
Bartels, Peter Knappe, Matt Halen, Lisa Henthorne

Review of Anti Trust Guidelines

Review Project Goal and Objectives
Establish an optimum large diameter element standard agreed upon by the
consortium enabling competitive project bidding, considering
manufacturability, system design limitation and cost reductions.

USBR Requirements: Presentation to USBR in Denver, and Final Report (draft Sept 1).

Limiting Factors

a. Vessel Limitations
b. Handling
. Review of Koch sealing design. No Ucup seal. Able to

load/unload from one side. Precludes the need for space on one
side of the skid. Other side needs at least 6 feet.

. Follow-up with users to see how they react to handling issues? Jim
and Lisa may talk to MWD or Scottsdale.
. Handling is “doable”. Mechanical assist is required. Should have

references on this in our report. Various designs are possible (such
as the Koch patented design) and the equipment to handle may
vary. Leasing is option for small plants. Practical issue, not
economic.

C. Market demand for pressure vessels
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. 1000-1500 vessels per year to justify the new product according to
manufacturers.

. Market PowerPoint by Lisa. 2 plants at 85 mgd and 7 plants
planned at about 33 mgd. 40-45 new RO plants with capacity > 25
mgd in next 6 years. 10 of these over 50 mgd. 540 vessels for 50
mgd seawater and 460 vessels for 50 mgd BW. 15-20 NF plants of
15-20 mgd each in next 6 years. Marginal number of vessels to be
needed for planned projects. Some additional demand may come
from plants < 25 mgd.

d. Impact of these Factors on Standard

Discussion with Vessel Suppliers

Targeted Survey Results
Advantages — Reduced footprint, lower capital/ TWC, fewer connections
Disadvantages — Handling (this needs to be carefully dealt with in the report,
since it is a major concern in industry), element efficiency/quality
Magnitude of Savings —
Info needed — full scale demo, cost saving values, engineering data
Size of Future Plants — 20% over 50 mgd
Level of Demonstration — comprehensive full scale demo

Web Survey (Limited response)
Desire impact — 70% want a major advantage
Desired Benefit: Handling 50%
Savings — 80% want a 20% savings
Size of plants mostly in 5-25 mgd size

Overview of Economic Analysis Findings
Review of Assumptions
Design Parameters

. Concern that 15% 3-year fouling factor chosen for Surf
Water/Reuse application is not sufficient in practice. As it only
affects the operating cost, we will not make changes. Cleaning
frequency for reuse probably overstated.

PFD for all three cases
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Isometric Drawings

. All plants assume through port design with 4 vessels on both sides.
This may not be possible immediately for seawater. If used
conventional side port design for SWRO, 5-6 more manifolds for
SWRO and foot print will be larger. Can justify based on
consistency in our approach and the fact that first BWRO plants
will allow for confidence for eventual SWRO. Report should
highlight the design considerations that have been included.

Building and Layout Facilities

. Generic designs, any size plant. Meant to show the relative
proportions for 8” element designs, and items included in the
building. 5 million gallon storage tanks.

Cost Summary

. RO Cost Savings 8 vs 16 —28% for GW to 14% for SW
. Savings from 16 vs 20 is only 3-4%.
. Facility Cost Savings 8 vs 16 — 18% for GW to 8% for SW
. O&M Cost Savings 8 vs 16 — 3% for SW to 1% for SW
. Life Cycle Savings 8 vs 16 — 9% for GW to 4% for SW
. Detailed designs done for seawater 50 mgd, 8, 16” and 20”.
. NEED table to summarize skid cost for 8, 16, 20 and show this
cost as a ratio of skid cost/mgd. Similar to MWD table which
breaks out the skid table.
. CONSIDER skid design and cost for element <16 to see the
relative benefit. Would this smaller diameter be easier to develop.
. Footprint savings are very important. NEED to show RO skid
savings and RO building savings for all three cases of feed water.
. Conclusions
. Max reduction in RO Facility costs occurs from 8 to 16
. Cap cost reductions seen for ST are dampened for SBW
and SW by pretreatment costs

. Comparable O&M costs for all diameters reduces life cycle
costs compared with capital costs

. Cost reduction benefits of large diameter elements will
occur at plant capacities less than considered in this
anlaysis (<25mgd)

MWD vs Current Study
. RO facility cap cost reduction 24 vs 31%

. Total facility 24 vs 26
. O&M reduction 1 vs 3%
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. Total water cost reduction 11 vs 12%
. Generally good agreement.

Discussion of Standards
Impact of Multiple Standards

. Tooling of ATD, test equipment, public perception, vessel mfr.,
volume discounts
. Impact of Koch 18” — Little advantage of following their lead since

they have not established significant precedence in the industry,
nor is there demonstrated additional value for 18”

Consensus Building

PK - handling concerns favor smaller diameter. 20 seems to big. Market for
element >16 not sufficient. Look at stnd size vessel stainless steel.

MP — associated risks w/ 18 vs 16 are significant

PM — handling will be an issue for any large diameter. Could we get vessel
mfrers more involved in the final decision making, they have big impact. Our
conclusions are based on solid analysis.

CB - 16 is an optimum between economic gain and minimize risk.

MH — Don'’t state 16 is optimum, but rather a manageable risk. Koch has not
supported their conclusions. No factual reason to follow Koch lead.

IS — ASME certified vessel for SW is a must, and 16 fits with this.

JL — Need solid documentation from Vessel mfr regarding 16 makes the most
sense (safety, development cost).

Consensus Building Summary

. Decide on a recommended 16.000” diameter now, valid based on current
info

. Poll other vessel mfr to see if they have information that is contrary to this
decision. Seawater case only. Need to show they have done design work.

. Reevaluate our decision after final input from vessel mfr. Need some fact-
based input from vessel mfr to change decision.

. Core tube Diameter should be scaled PW tube diameter with the flow
increase to maintain same velocity.

. Lower capacity evaluation — extrapolate curves down to lower flow,

reduce number of skids, but we will need explanation why the savings is
subjective and will depend on customer’s operation objectives. Too many
scenarios for us to adequately address them with detailed analysis.
CONSIDER limited analysis of 2 train, 12.5 mgd plant savings. Cost
estimate from CH2MHILL to do this.
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Final Report (Font Times New Roman 12 pt)
. Title Page

. Executive Summary (LISA)
. Summary of Conclusions and Recommendations
. Table of Contents

. Background (CRAIG, PETER M)

1.

4.
5.

Approach

Administrative (MARTY, PETER K)

1. Agreement,

2. parties involved,

3. antitrust considerations,
4. project objectives
Strategy

1. Survey, (MARTY), web survey (PETER K)
2 Assumptions - (CRAIG & PETER M, MATT)
3. Pumping Center Concept
4 Limitations —
a. Handling (IRV, JIM),
b. Vessels (PETER K, MATT)
c. Market — (LISA)
Economic Study (JIM and BOB, MARTY and PETER K)

. Engineering design

. Isometrics

. MWD Comparison

. Results

Consensus/Conclusions (MATT & IRV, all to review)
. Limiting Factors

. Risk vs Benefits

References (ALL PREPARE, LISA review)
Appendix (Meeting Minutes)

Additional Assignments

Marty — formatting info from contract by 6/11

Lisa — prepare template and comprehensive outline 6/15
CH2MHILL to provide CPES on CD or PDF

Lisa check on $ for additional CH2MHill work on 2 train 12.5 mgd
case

e Abstract for IDA 6/18
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Due Dates for Final Report —

Drafts by July 9 to Lisa and Reviewer

Review of Drafts complete by July 16 and send to author (turn on
Track Changes)

Finalize Sections and send to LISA by Aug 1.

LISA Compile/fine tune report by Aug 21

Review Final Report — feedback to Consortium at Phone conf by
Aug 27

Send to Reclamation by Sept 1

Next Meeting — Conference Call, Wednesday, June 24 at 8:00 am PDT.
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Teleconference Consortium Meeting, June 24, 2004

Attendees: Lisa Henthorne (M&E), Peter Knappe (Trisep), Jim Lozier (CH2M Hill)
Peter Metcalfe (Toray), Irv Shelby (Hydranautics)

Meeting Minutes

Review of anti-trust guidelines and considerations.

CH2M Hill Scope Expansion

Jim has requested the Consortium members review his email of 6/21/04 with the revised
budget estimate. He will work to finalize as soon as Marty returns so that Bob can
complete the additional tasks.

Additional Input from Vessel Manufacturers

IDA Abstract
Lisa has not submitted yet but will prior to our next conference call.

Final Report

There were no questions on the final report. Lisa reiterated that July 9 is the due date for
the draft write-ups to the reviewers.

Next meeting The next teleconference call is scheduled for July 7, 2004, 8:00 am PDT.
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Teleconference Consortium Meeting, July 7, 2004

Attendees: Lisa Henthorne (M&E), Craig Bartels (Hydranautics), Bob Bergman (CH2M
Hill), Peter Knappe (Trisep), Jim Lozier (CH2M Hill), Marty Peery (FilmTec), Irv
Shelby (Hydranautics)

Review of anti-trust guidelines and considerations.

Meeting Minutes

Minutes of June 24, 2004 conference call accepted.

CH2M Hill Scope Expansion

Marty in the process of revising the SOW to include Items 1-6 and then it will be reissued
to CH2M Hill

Additional Input from Vessel Manufacturers

IDA Abstract
Lisa submitted the project abstract to IDA on July 6, 2004. There was one problem in

that the system would only accept eight names, and our team has nine members. Lisa
will discuss with Jim how best to handle this for the paper submittal.

Final Report

Everyone will submit their sections as Final to Lisa by July 9. CH2M Hill will lag on the
Economic Study portion until their contract amendment gets in place.

Quarterly Progress Report

Lisa reminded all that the financial and technical progress reports were due by the end of
July to Reclamation. Please provide the cost-sharing financial info and review of the
draft 3" quarter report that Lisa has provided.
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Lisa’s Move

Lisa will be joining CH2M Hill and will be subcontracted from Metcalf and Eddy to
complete her SOW for the project. She will be eventually based in Dubai.

Next meeting The next teleconference call is scheduled for July 15, 2004, 8:00 am PDT.
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Teleconference Consortium Meeting, July 15, 2004
Attendees: Lisa Henthorne (M&E), Craig Bartels (Hydranautics), Matt Hallan (Filmtec),
Peter Knappe (Trisep), Peter Metcalfe (Toray), Marty Peery (FilmTec), Irv Shelby
(Hydranautics)

Anti-Trust Guidelines

Review of anti-trust guidelines and considerations.

Additional Input from Vessel Manufacturers

Final Report

Update on all section reports. All sections completed except the Executive Summary
(Lisa), Vessel Limitations (Peter K.), and the Economic Study (Jim and Bob). Bob is
working on the Economic Study and hopes to have a draft to us by the first of August.

The Appendices were discussed. They are as follows:

Appendix A: Consortium Agreement — ok to include

Appendix B: Anti-trust Guidelines — ok to include

Appendix C: Minutes from Meetings and Teleconferences — ok to include
Appendix D: Written Survey Response Compilation — ok to include
Appendix E: Web Survey Response Compilation — ok to include
Appendix F: Pressure Vessel Input — use questions only

Appendix G: CPES output — put on CD ROM only

Quarterly Progress Report

Some financial cost-sharing information is still outstanding. Please ensure it is provided
asap. The technical 31 quarter progress report was approved by all for submittal to
Reclamation.

Next meeting The next teleconference call is scheduled for August 3, 2004, 8:00 am
PDT.
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Teleconference Consortium Meeting, August 3, 2004

Attendees: Lisa Henthorne (M&E), Craig Bartels (Hydranautics), Bob Bergman (CH2M
Hill), Matt Hallan (Filmtec), Peter Knappe (Trisep), Marty Peery (FilmTec), Irv Shelby
(Hydranautics)

Anti-Trust Guidelines

Review of anti-trust guidelines and considerations.

Additional Input from Vessel Manufacturers

Final Report
Bob provided an update on the progress of the Economic Study. He hopes to have
something for our review by the next conference call. Lisa will begin the compilation of

the full final report. The schedule provides until August 21 for this completion.

Irv wanted to ensure that Lisa had received the pictures of the handling devices. Lisa will
check.

3 Quarter Progress Report

Both the technical and financial progress reports were submitted to Reclamation in late
July. The total cost-share as of June 30 (3" quarter) was $105,772. We have already
reached our minimum cost share of $100,000.

Final Presentation to Reclamation

Marty asked about scheduling the final presentation. It was assumed that Lisa and Jim
would make the presentation and all members are free to attend. Lisa will send an email
to Frank Leitz determining his desire for scheduling of this presentation.

Next meeting The next teleconference call is scheduled for August 11, 2004, 8:30 am
PDT.
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January 14, 2004

To: Frank Leitz and Susan Martella, GCAOTR
From: Membrane Consortium Members

FilmTec Corporation

Hydranautics

Toray Membrane America
Trisep Corporation
Lisa Henthorne, Metcalf and Eddy, Project Facilitator
Jim Lozier, CH2M Hill, Economic Study Project Manager

Subject: 1* Quarterly Report, Period 10/1/03-12/31/03
Industry Consortium Analysis of Large Reverse Osmosis/Nanofiltration
Element Diameters: Designed for Manufacturability, System Capital
Reduction and Industry Acceptance
Agreement Number 03-FC-81-0916

The purpose of this project is to develop an industry standard for large diameter RO and
NF membrane elements. By establishing a standard that has been agreed upon by several
membrane element suppliers, the end users will be able to realize the maximum economic
benefits of the larger diameter elements through use of competitive bidding. The
standard will be determined based on a thorough economic analysis. The economic
analysis will be augmented with knowledge from key players within the industry to
consider ancillary issues such as manufacturability, handling considerations, vessel
constraints and industry acceptance.

Accomplishments during this reporting period

The project was initiated in early October, 2003. A formal Consortium Agreement was
established between the membrane suppliers participating in the project, which provides
the guidelines and framework by which the companies will work together on this project.
The Agreement’s sole purpose is the conduct of this project. Anti-trust guidelines were
established which are strictly adhered to during all Consortium discussions (in person,
teleconferencing or via email). Meeting minutes are formally documented for all
Consortium conference calls and meetings, and are available to the GCAOTR staff.

During this reporting period, the Consortium requested qualifications for the role of
Project Facilitator. After evaluation of the qualification submittals by the Consortium
members, Lisa Henthorne of Aqua Resources International was offered the position.
During this interim period between submittal and offer, Ms. Henthorne became an
employee of Metcalf and Eddy, Inc. As a result, she was subcontracted through Metcalf
and Eddy by FilmTec Corporation for the Project Facilitator position.
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The Consortium also entertained qualifications from A&E firms to conduct the Economic
Study for the project. After evaluation of the A&E proposals, CH2M Hill was
determined to be best qualified. A subcontract was executed between FilmTec
Corporation and CH2M Hill for this work and Jim Lozier of CH2M Hill is responsible
for the Economic Study on behalf of the project.

During this period the Consortium held weekly or biweekly conference calls and held its
Kick-Off meeting on December 2, 2003. During the Kick-Off meeting both membrane
vessel manufacturers Pentair Codeline and Progressive Composites provided independent
input to the Consortium relative to manufacturability, constraints and costs for large-
diameter vessels. A follow-up questionnaire has been provided to them based on a
specific large-diameter parameter.

The technical work during this period has been focused on developing the framework and
assumptions for the Economic Study. Table 1 lists the assumptive values determined for
the different feedwater applications (brackish high flux, brackish low flux and seawater)
to be evaluated in the Economic Study. The initial large-diameter parameter to be
evaluated will be 16-inches. An additional large diameter will be evaluated for each
feedwater application but these specific diameters will be determined after initial results
are reported for the 16-inch diameter.

CH2M HILL will conduct the economic Study using their Cost Parametric Estimating
System model. The model will use the information and assumptions shown in Table 1.
Additional design assumptions agreed to during the Project Kickoff meeting include: (1)
MF/UF pretreatment, with or without direct coagulant feed, as pretreatment for seawater
and low flux brackish water cases, (2) centralized RO high pressure pumping and energy
recovery systems and (3) RO control blocks or trains containing multiple stages. The
results of the economic analysis for the initial 16-inch diameter element case (along with
the bench mark 8-inch diameter element case) will be presented to the Consortium for
review prior to the selection of a second large diameter and subsequent economic
modeling.

In order to gain industry input to the project and to gather industry acceptance, a formal
survey was developed and circulated to approximately 50 individuals primarily in the
utilities and A&E firms. Additionally, a website is being developed
(www.bigmembranes.com) which will house project information. This website will also
have the capability to survey visitors.

Accomplishments expected during this upcoming reporting
period

The primary accomplishment during the upcoming period will be execution of the
Economic Study by CH2M Hill. The schedule is for completion of this study by March,
2004. Their progress will be monitored via bi-weekly Consortium conference calls and
one to two project meetings with Jim Lozier.
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Additional accomplishments expected during this period include analysis of the formal
survey results and completion of the website. A press release will also be distributed
announcing the website and project. The vessel manufacturers will submit their
completed questionnaire relative to a 16-inch diameter element during this period. Their
input will be provided to CH2M Hill for their inclusion into the Economic Study.

Difficulties or potential problems

None. The project is on-schedule and on-budget.
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Table 1.
Assumption Values for Economic Study Parameters
for 8-inch and Large-Diameter Scenarios

Parameter Brackish — High Flux Brackish — Low Flux Seawater
Plant size (Mgd)- Base 50 50 50
case

Train size (Mgd) 12.5 10 8.4
Vessels per train 70 90 90
Trains per plant for Base 4 5 6
case

Elements per vessel 7 7 7
Feedwater salinity (mg/L) 800 1,500 38,000
Avg. system flux (gfd) 16 10 9
Inlet feed pressure (psi) 400 400 1,000
Specific flux (gfd/psi) 0.2-0.25 0.12-0.13 0.03-0.04
Fouling rate (%) 5 10 5
Brine/permeate ratio 5:1 5:1 5:1
Cleaning frequency 1 per year 3 per year 2 per year
Staging 2:1 2:1 single
8-inch membrane area per 400 400 370
element (ft%)

Diameter A (inches) 16 16 16
Diameter B (inches)* 20 20 12

*To be finalized at a later date via conference call
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April 19, 2004

To: Frank Leitz and Susan Martella, GCAOTR
From: Membrane Consortium Members

FilmTec Corporation

Hydranautics

Toray Membrane America
Trisep Corporation
Lisa Henthorne, Metcalf and Eddy, Project Facilitator
Jim Lozier, CH2M Hill, Economic Study Project Manager

Subject: 2nd Quarterly Report, Period 1/1/04 - 3/31/04
Industry Consortium Analysis of Large Reverse Osmosis/Nanofiltration
Element Diameters: Designed for Manufacturability, System Capital
Reduction and Industry Acceptance
Agreement Number 03-FC-81-0916

The purpose of this project is to develop an industry standard for large diameter RO and
NF membrane elements. By establishing a standard that has been agreed upon by several
membrane element suppliers, the end users will be able to realize the maximum economic
benefits of the larger diameter elements through use of competitive bidding. The
standard will be determined based on a thorough economic analysis. The economic
analysis will be augmented with knowledge from key players within the industry to
consider ancillary issues such as manufacturability, handling considerations, vessel
constraints and industry acceptance. The Economic Study is being conducted by CH2M
Hill, led by Jim Lozier. The project is being facilitated by Lisa Henthorne, Metcalf and
Eddy.

Accomplishments during this reporting period

Biweekly conference calls have been held throughout this reporting period involving all
Consortium members, the CH2M Hill staff and the project facilitator (the Team). To
insure that anti-trust guidelines are strictly adhered to during all discussions, a formal
agenda is developed for each biweekly conference call. Additionally, formal minutes are
provided to the Team following each call for approval and finalization. The GCAOTR is
provided with these minutes after each conference call.

During this reporting period, the industry survey results were compiled from survey
forms which were emailed to approximately 50 utility and A&E personnel. The survey
results are provided as Attachment A. Additionally, a website was developed
(www.bigmembranes.com) which provides project information and enables us to collect
on-line survey results. Press releases regarding the project were provided to the
International Desalination Association, the American Membrane Technology
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Association, the European Desalination Association, the Water Desalination Report, the
AWWA Journal, and the Desalination and Water Reuse Quarterly. The majority of these
organizations have published a write-up about the project in their publications.

Further discussions were held with the vessel manufacturers during this reporting period
to ensure the Team’s understanding of limitations associated with manufacturing large-
diameter vessels for both brackish and seawater applications.

Handling issues associated with large-diameter elements and end-caps were also
evaluated during this reporting period. The Team has been in contact with staff at the
Yuma Desalting Plant to gain their knowledge and advisement in this area.

The primary effort during this reporting period has been accomplished by the CH2M Hill
team in the conduct of the Economic Study. The CH2M Hill staff has participated in the
bi-weekly conference calls to ensure communication between their efforts and to keep the
Team apprised of their progress. Specifically, their accomplishments during this period
are provided below.

The economic study includes cost estimating for RO desalting system using standard (8”
diameter by 40 long) element and two different diameter (by 40” long) large elements.
During this reporting period, activities focused on developing cost estimates and
associated information for RO systems and overall water treatment facilities using the
standard diameter element and a 16” diameter element for each of the three desalting
alternatives (brackish groundwater, brackish surface water/wastewater reclamation and
seawater) selected for study. Specific deliverables produced in this context and provided
to the Consortium for review and discussion included:

. Process flow diagrams, showing pretreatment, pumping, RO trains, energy
recovery, post treatment and finished water storage and distribution
systems

. Two-view isometric drawings for RO skids illustrating vessel/array,

feed/permeate/concentrate piping and associated valving

. Representative layouts for major equipment systems within the RO
building
. Detailed construction, O&M and lifecycle cost estimates for full water

treatment facilities (pretreatment, pumping, RO trains, energy recovery,
post treatment and finished water storage) using CH2M HILL proprietary
CPES costing model

. Table summarizing construction, O&M, life cycle and total unit water

costs for each alternative showing comparative cost savings in both RO
system and total facility between 8” and 16” diameter element designs.
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Accomplishments expected during this upcoming reporting
period

CH2M Hill will develop cost estimates (and associated materials) for RO designs using a
second large diameter element (expected to be 20”) to complete the Economic Study..
The Team will assemble in late May for a Consensus meeting to evaluate all the findings-
to-date and determine the large-diameter standard.

Difficulties or potential problems

The Economic Study is slightly behind schedule but it is not expected to impact the
overall project schedule or budget.
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July 14, 2004

To: Frank Leitz and Susan Martella, GCAOTR
From: Membrane Consortium Members

FilmTec Corporation

Hydranautics

Toray Membrane America
Trisep Corporation
Lisa Henthorne, Metcalf and Eddy, Project Facilitator
Jim Lozier, CH2M Hill, Economic Study Project Manager

Subject: 3rd Quarterly Report, Period 4/1/04 - 6/31/04
Industry Consortium Analysis of Large Reverse Osmosis/Nanofiltration
Element Diameters: Designed for Manufacturability, System Capital

Reduction and Industry Acceptance
Agreement Number 03-FC-81-0916

The purpose of this project is to develop an industry standard for large diameter RO and
NF membrane elements. By establishing a standard that has been agreed upon by several
membrane element suppliers, the end users will be able to realize the maximum economic
benefits of the larger diameter elements through use of competitive bidding. The
standard will be determined based on a thorough economic analysis. The economic
analysis will be augmented with knowledge from key players within the industry to
consider ancillary issues such as manufacturability, handling considerations, vessel
constraints and industry acceptance. The Economic Study is being conducted by CH2M
Hill, led by Jim Lozier. The project is being facilitated by Lisa Henthorne, Metcalf and
Eddy.

Accomplishments during this reporting period

Biweekly conference calls have been held throughout this reporting period involving all
Consortium members, the CH2M Hill staff and the project facilitator (the Team). To
insure that anti-trust guidelines are strictly adhered to during all discussions, a formal
agenda is developed for each biweekly conference call. Additionally, formal minutes are
provided to the Team following each call for approval and finalization. The GCAOTR is
provided with these minutes after each conference call.

There have been two primary efforts during this reporting period: 1) completion and fine-
tuning the Economic Study by CH2M Hill; and 2) a Consensus-building Meeting to
discuss and recommend the large-diameter standard based on all the findings of the
project.
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The CH2M Hill staff has participated in the bi-weekly conference calls to ensure
communication between their efforts and to keep the Team apprised of their progress.
Specifically, their accomplishments during this period are provided below.

Following up on CH2M Hill’s progress last period in which they developed cost models
for 8” and 16” diameter elements for each of the three desalting scenarios (brackish
groundwater, brackish surface water/wastewater reclamation and seawater) for 50 mgd
plant capacities, this period CH2M Hill developed cost models for a 20” diameter
element. The Team discussed at length which alternate large-diameter should be
evaluated by CH2M Hill in the completion of the Economic Study. After deliberation
and discussion, the 20” diameter was chosen by the team to be the best choice for
analysis. Specific deliverables produced in this context and provided to the Consortium
for review and discussion included:

. Two-view isometric drawings for RO skids illustrating vessel/array,
feed/permeate/concentrate piping and associated valving

. Representative layouts for major equipment systems within the RO
building
. Detailed construction, O&M and lifecycle cost estimates for full water

treatment facilities (pretreatment, pumping, RO trains, energy recovery,
post treatment and finished water storage) using CH2M Hill proprietary
CPES costing model

. Table summarizing construction, O&M, life cycle and total unit water
costs for each alternative showing comparative cost savings in both RO
system and total facility between 8, 16” and 20 diameter element
designs.

Additionally, CH2M Hill developed cost curves at plant capacities of 25, 50, 100 and 150
mgd in order to understand the impact of the large-diameter element savings across a
range of plant capacities. To assist the Team in fully understanding the assumptions and
results of the Economic Study, CH2M Hill provided a comprehensive comparison of the
results of the Metropolitan Water District large-diameter economic analysis to the results
of our Economic Study.

On June 8, 2004, the Team held its Consensus Meeting to evaluate and discuss all of the
information gathered and developed for the project, in order to recommend a standard
large-diameter. Mr. Frank Leitz, the project GCAOTR, also attended the meeting. The
meeting included discussion of the limiting factors such as vessel manufacturability,
handling, and the market for large-diameter vessels and elements. A short teleconference
was held with Progressive Composites to reiterate issues relative to vessel design and
manufacturability (Pentair was unavailable for the call). The survey results were
reviewed, followed by a presentation of the Economic Study.
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After considerable discussion, the Consensus Meeting outcome was that the 16 diameter
offered the most cost savings at the least risk. Additional follow-up with the vessel
manufacturers will be undertaken to confirm the Team’s understanding of risks
associated with the vessel diameter which impacts the element diameter standard.
Assignments for the preparation of the Final Report were made at the conclusion of the
Consensus Meeting.

During this reporting period, abstracts were submitted to the Call for Papers for the
AWWA Membrane Conference, to be held in March, 2005 in Phoenix, Arizona, and for
the IDA Conference to be held in September, 2005 in Singapore.

Accomplishments expected during this upcoming reporting
period

CH2M Hill will complete the Economic Study with development of cost data for plant
capacities of 12.5 mgd. The focus of the work this period will be on preparation and
review of the individual components of the final report, and assembly of the entire report
for submittal to the Bureau of Reclamation in early September, 2004.

Difficulties or potential problems

As of July 8, 2004, Lisa Henthorne will become an employee of CH2M Hill. Metcalf
and Eddy has recommended that Lisa complete this work via a subcontract to CH2M
Hill. This will have to be put into place in July, 2004 so that Lisa can coordinate the
assembly of the final report in August. Lisa will ensure this mechanism is put into place.
Metcalf and Eddy will remain as the named Project Facilitator in the Final Report.
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Appendix D — Results of the Written Survey

Large Diameter Element
Consortium Industry Survey Data

Question 1: Please briefly
describe the most significant
advantages you perceive with the
application of large-diameter
elements

Responses: Reduced Footprint
Lower Capital

Fewer Conections

Lower Total Cost of Water

Lower Operating Costs

Improved flow distribution

Requires automation to fabricate elements
Fewer elements to handle

Fewer trains

Possibility of larger feed spacers

Larger feed, brine, and permeate ports
Enables plants >100 MGD

Large Diameter Element
Consortium Industry Survey Data

Question 2: Please briefly
describe the most significant
disadvantages or challenges you
perceive with the

application of large-diameter RO
elements.

Responses: Handling/Weight
Element Efficiency/Quality

PV issues (supply, cost, weight, etc.)

Element Life/Cost of Replacements

Cleaning/Fouling

Membrane Supply/Standardization

Piping Hydraulics
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dP Forces

Lower operational flexibility
Low tolerance for risk
Impact of failures on train

Lower recovery

Increased capital cost of piping, PVs, valves,

Small market size for larger OD elements

Large Diameter Element Consortium
Industry Survey Data

Question 3: What magnitude of savings
would be required of large-diameter
elements for you to

consider using them?

Responses:

Large Diameter Element Consortium
Industry Survey Data

Question 4: What type of information
would you most want from this
investigation to help you determine

the suitability of large-diameter lements
for your next project?

Responses:

Lower overall costs (generic)

25% Capital cost and same lifecycle
costs

>20% lower overall capital costs

20% lower RO system capital costs

15-20% lower membrane costs

>10% total water cost

15-20% total water cost

Comprehensive Full Scale
Demonstration

Cost Savings (Capital, Life-cycle,
O&M, Footprint)

Engineering Design Data and
Software
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Industry Standard Diameter
Element/PV Cost
Address Handling Concerns

Comprehensive Pilot Plant
Demonstration

Optimum OD for >100 MGD plants
Sufficient warranties

Results of industry survey

Supply of PVs

NSF certification of elements and PV

Large Diameter Element Consortium
Industry Survey Data

Question 5: What is the potential size of
your future plants?

Responses: <5 MGD

Large Diameter Element
Consortium Industry Survey Data

Question 6: What level of
demonstration would be needed
before you would be willing to
purchase or specify

large-diameter elements for your
next project?

Responses:

5-20 MGD
20-50 MGD
>50 MGD

Comprehensive Full Scale Demonstration
Industry Standarization and Supply
Pilot Test Demonstration

Warranties
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Appendix E — Results of the Electronic Survey

(1)

)

)

4

)

(6)

Do you think that large diameter elements, elements with a diameter
greater than 8-inch, will have
(64%) major advantages
(18%) minor advantages
(14%) don’t know
(4%) no advantages over standard 8-inch diameter elements?

Which issue would most concern you if you had to purchase a large
diameter element:
(45%) Handling
(27%) Element performance over time
(23%) Availability from multiple manufacturers
(4%) Lack of an installed base

I would consider using a large diameter element if it produced a savings
on the total water cost of:
(48%) 20%
(33%) >20%
(19%) 10%
(0%) Would not consider at any cost savings

I am an:

(23%) End User
(27%) OEM
(23%) A&E
(27%) Other

If you are an end user, please describe the size of system you work with:
(52%) Not Applicable
(24%) > 5 MGD and < 20 MGD (3,200 m3/hr)
(24%) >20 MGD (3,200 m3/hr)
(0%) <5 MGD (790 m3/hr)

I would consider using large diameter elements for new projects if the
plant size was:
(50%) >20 MGD (3,200 m3/hr)
(30%) >5 MGD and <20 MGD (3,200 m3/hr)
(20%) <5 MGD (790 m3/hr)
(0%) Would not consider using them.
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Appendix F — Vessel Manufacturer’s Questionnaire

Brackish Water Vessels

(1) Using the current technology, what is the maximum diameter that could be
produced with a maximum feed pressure of 400 psi?

(2) What would be the weight of the end cap?

3) What do you estimate would be the relative cost of this diameter to an 8-
inch diameter tube? (Use the square of the diameters to normalize the
production capacity, i.e., a 16-inch diameter tube would produce 4 times
the amount of permeate so a cost 4 times an 8-inch vessel would have a
relative cost of 1.0.)

(4) Would you be willing to develop such a tube for the market?

(5) Rate the risk of catastrophic failure on a scale of 1-10, with 10 being the
most risk. (Assume the current 8-inch tube has a risk of 1)

(6) Could the design be made to ASME Section 10?
(7) Rate the risk of mechanical failure that would require replacement on a
scale of 1-10, with 10 being the most risk. (Assume the current 8-inch tube

has a risk of 1)

(8) What is the development time required to produce this tube for the
market?

9) Would you anticipate any restrictions on your production capacity with
this new diameter? (That is, if large plants were made with this new
diameter, could they be produced in sufficient numbers and in a sufficient
time to meet demand.)

(10)  Would the tube require any special support from the frame?

(11)  What would be the weight of the pressure tube assembly?

(12)  Could it be produced to 7M lengths?

(13)  Would there be any constraints in producing side-ported vessels?

(14)  Would vessel elongation be greater than for 8-inch vessels at a similar
pressure rating?
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(15)

(16)

Would the end cap restraining method be similar to or different from that
used with 8-inch vessels?

Would end cap removal be more difficult than for an 8-inch vessel? If so,
would removal require a special tool?

Seawater Pressure Vessels

(17)

(18)
(19)

(20)

1)

(22)

(23)

(24)

(25)

(26)
27)
(28)

(29)

Using the current technology, what is the maximum diameter that could be
produced with a maximum feed pressure of 1,000 psi? of 1,200 psi?

What would be the weight of the end cap?

What do you estimate would be the relative cost of this diameter to an 8-
inch diameter tube? (Use the square of the diameters to normalize the
production capacity, i.e., a 16-inch diameter tube would produce 4 times
the amount of permeate so a cost 4 times an 8-inch vessel would have a
relative cost of 1.0.)

Would you be willing to develop such a tube for the market?

Rate the risk of catastrophic failure on a scale of 1-10, with 10 being the
most risk. (Assume the current 8-inch tube has a risk of 1)

Could the design be made to ASME Section 10?

Rate the risk of mechanical failure that would require replacement on a
scale of 1-10, with 10 being the most risk. (Assume the current 8-inch tube
has a risk of 1)

What is the development time required to produce this tube for the
market?

Would you anticipate any restrictions on your production capacity with
this new diameter? (That is, if large plants were made with this new
diameter, could they be produced in sufficient numbers and in a sufficient
time to meet demand.)

Would the tube require any special support from the frame?

What would be the weight of the pressure tube assembly?

Could it be produced to 7M lengths?

Would the endcap restraining method be similar to or different from that
used with 8-inch vessels?
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(30)

(31

(32)

Would endcap removal be more difficult than for an 8-inch vessel? If so,
would removal require a special tool?

What volume of Sales would be needed to make this product price roughly
(within 10%) scalable with 8-inch vessels? For example, if you sold 50 or
100 or 1000, would the latter figure be needed to get to prices that scale
with the 8-inch vessels.

For tube diameters up to the maximum diameter you specify, are there
any restrictions as to the actual tube i/d which can/ should be considered
(i.e., should they be in inch increments only? Half inch?)

6-16-04

Questions for Pressure Tube Suppliers

The large element membrane consortium has made a tentative decision, based in some
part on the response from the pressure tube suppliers, on a 16-inch diameter. We would
like to have some input in writing from you, to support this decision. Your responses
could be used in the final report, which is a public document.

(1)

If we assume that we do not want to sacrifice any features available on
current vessels (i.e. multi ports, AMSE rating, etc.), do you perceive that
there is substantially more risk involved in producing an 18-inch versus a
16-inch 1,000 psi rated pressure tube? What about a 1,200 psi rated
pressure tube? Please give some details to support your response.

Response to question 1 from Pressure Tube Supplier A

)

“The answer to both questions is yes. The problem here is the fact that the
end load of an 18-inch vessel is substantially more than that of a 16-inch.
This is all a result of the bearing plate surface area. “

“When evaluating the required strength of an FRP housing to handle 1000
or 1200 PSI at a safety factor of 6 times, it is clear that new technology
must be created. 16-inch by itself is a challenge but 18-inch is so much
more of an obstacle that we are not sure that a cost effective solution can
be obtained.”

We are currently suggesting that the new diameter be 16.000-inch. Can
you give us some input about the tolerances and whether or not 16.000-
inch is a good choice.

Response to question 2 from Pressure Tube Supplier A
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“We have spoken about this issue at length and have the following information.
Mandrels that have a diameter to yield 16.000 products must be made from 16.5-
inch tubing. This is possible but will depend on material availability.

“If the diameter can be decreased to a product diameter of 15.75 to 15.90, steel
pipe can be used to make the mandrels. *

“The difference here is that steel pipe will be much more cost effective than
tubing for making the mandrels to wind the vessels. While this may add to the
expensive in starting production, is should not affect the fabrication of the vessel
over time. The cost to produce the two different diameters is so close that we do
not see a significant variation in product cost.”
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Appendix G — 8-inch, 16-inch, and 20-inch Diameter RO
Element Bill of Materials and CPES Models

Table G-1.—Assumed Seawater RO Train Costs (50 mgd Plant Capacity)

Installed Cost ($/gpd)

8-inch 16-inch 20-inch
Feed Headers 0.013 0.009 0.006
Feed Manifolds & Vessel Connectors 0.126 0.016 0.013
Cleaning Feed 0.005 0.005 0.004
Pressure Vessels 0.129 0.130 0.129
RO Membrane Elements 0.226 0.227 0.226
Concentrate Manifolds & Vessel Connectors 0.032 0.016 0.013
Concentrate Header 0.021 0.019 0.013
Cleaning Concentrate Return 0.004 0.002 0.002
Permeate Connectors & Manifolds 0.008 0.005 0.003
Permeate Header 0.010 0.010 0.008
Permeate-to-Waste 0.004 0.003 0.003
Cleaning Permeate Return 0.0003 0.0002 0.0002
Instrumentation & Panels 0.021 0.010 0.007
RO Skid (painted weldment) 0.011 0.010 0.012
Sample Panel & Valves 0.001 0.0003 0.0002
Total 0.609 0.462 0.440
Notes:

1. Train permeate capacity: 8-inch —4.17 mgd; 16-inch — 8.33 mgd; 20-inch — 12.5 mgd
2. Installation costs assumed to be 20 percent of the uninstalled costs
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ESTIMATE SUMMARY -

FROJECT : RO TRAIN OPTIONS
FACILITY & SEAWATER TRAIN

Table G-2.—BOM for 8-inch Seawater Case

8" Seawater Skid

ESTIMATOR: D JONES
PROJ. MANAGER:

FILE HAME" R O TRAIN OPTIONS XLE PROJ.ND:
MaRK-UPS: MATL LASOR EGUIF. INETL or 8/C ESTIMATE NO. © 2004047
OVERHE&D = REY. HD.:1
PROFIT = DATE: 323104 (Rav &-21-04 Bergman)
MOBSONDING. =
CONTINGENCY =
MATERIALS LABOR CONST. EQUIP. INETL or &/C
MO, DESCRIFTION GTY | UNIT TOTAL SUBTOTALS
UNIT AMDIUNT MH RATE EMOUNT UNIT & AMOUNT UNIT S AMOUNT
20" Fipe Spoal
£ Tt long GXN 2ZEA 3586720 11,774 $383.08 13,541
1Miong EXMN ZEA 54.000.80 $5.003 $E00.12 $3.202
18" Fipe Spoal
7 ftiong EXN 1EA 56,202,086 56,202 5930 $7.132
20" 20 Elbow EXM ZEA s213572 34,271 3854 $5.126
20" Bulterly vaive EXM 1EA $10,300.00 $10,50 §2,160 $12.3¢0
20°%16" Te BXMN 1EA 5297600 32,974 3395 $3.5T1
1E" Tee EXM 1EA 3$2.380.80 32,381 F4TE $2.857
2016 Raducar EXMN 1EA $5E0.00 $GEi §132 $792 35,181
Fean Manifoln
1E" pipe 13 1 long wih 24 ea 27 slge ZEA S1T.TI0AE $35.441| 8400 EZESAOT 3445,556 $481,357)
outiets whics SXM
Prassure vessel 3" connectors with T9EA SLESED $36,789 §59.64 85,517 $42.300 524,207
Wics GEM (should have besn 571.25)
S Tt long 1EA 3308540 3208 FABLTH $3.563
1 ftiong & ZEA §1,5124 33,029 $225.67 $3.473
127 90 Elbow EXN 2ZEA 323120 34,523 46224 $5,547
127 Butterfly Valwe EXN 1EA SE.120.00 SE.12 §1.228.00 $7.344 $19.933
Prassure \essels 1T9EA $2,500.00 §447,50 $500.00 $537,000 537,000
Membrane Elements. 1253 EA $525.00 3733125 §125.00 $333, 730 $938,750
Concentrats Manifold
107 pip2 13 1 long wih 24 3 37 sige 2ZEA $15.430.40 30,561 231455 54,625 $35,430
utiets XM
Prassure vessel 3" connectors with 1T9EA SLESED 32,349 §59.64 12,501 $35,844 123134
Wics GEM (should have besn 571.25)
Concentrate Header
1275107 90 Sibow BXN 1EA 323120 32,311 46224 3452 $2.773
12° Fipe Spoal
5 Tt long SXN 1EA 54.287.54 34,25 FE43.18 5Ly $4331
14x%12 Reducer GXN 1EA SLE2.00 26 §59.30 555 351

Bils-of Materials 50 mgd 3-18-20 seawater - 8-9-04 s
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QEAD " 8* Seawater Skid

ESTIMATE SUMMARY ;

FROJECT @ R O TRAIN OFTIONS ESTIMATOR: O JONES
FACILITY & SEAWATER TRAIN PROJ. MANAGER:
FILE NAME- R O TRAIN OFTIONS XLS PROJ. HO.C
MARK-UPS: MATL LABOR EGUIE. INSTL or 5/C ESTIMATE NO. : 2002047
OVERHEAD = REW.NOD.:1
PROFIT = DATE: #23/04 (Rav &-21-04 Bergman)
MOBBONIINE. =
CONTINGENCY =
METERIALS LABOR CONST. EGUIP. INSTL or SiC
MO, DESCRIPTION GQrY | UNIT TOTAL SUBTOTALS
UINIT § | AMOUNT MH | RATE | AMOUNT | UNIT $ | AMOUNT UNIT $ | AMOUNT
14" Fipe Spoal
5 ftlong 6XMN 1EA 53264 40 53,284 3492 66 3493 $3.777]
&t long 5XN 1EA $2.6E0.88 52,881 $552.13 5552 $4.233
4 1t long 5XN 1EA 32,8 52,88 $433.18 $3.321
2 Tt long GXM 1EA 32,05 32085 ) Eie) $2.403
11 long 5XN 3EA 5165648 55,025 25477 5,850
14x10 Tee GXN 1EA $206320 32,083 341562 $2.500
14°512” 90 Elow BN 1EA §1.425.20 31,425 $1.754
14" Anfl-cavnation Globe Valve 1EA S48 {E1.TE 45 183 $51,936
14" Tee XM 1EA S20E3.20 52,083 $2.500) 86586
(= [Cleaning Concanirate Ratum)
12" Butberfly Valwe 6XN 1EA $6,120.00 56,12 $318.00 3916 $7.038
12" Pipe Spoal
4 i long 31655 4EA $1.768.30 7,077 326540 51,082 45,139
11t long GXN 1EA 51,5124 51,513 5226 B7 3227 $1.739)
1ftiong 21655 1EA §385.70 305 F13£35 5134 $1.030 $17 926
Parmeats Connestars
1.25" JBends w2 wics PVYC (shoukd 179 EA $3500 54,475 $3.75 3671 45,146 55,146

nawe bean 538 30)
Permeale kanifold

5 Fipe Spoal 12.5 ftlong wi2s ea & EA $2983.75 $23.95 3449.05 53,593 $27.543 $27.543

1.25" Gide outiels with vic 204 55T

Pemeate Heager

10%6 30 Eloow 304 S8T 1EA $5E2.13 582 313543 F13€ $E13)
167 pipe 5po0is
2 it long 304 35T 1EA $1.4D0230 51,203 321044 3210 $1.613
1Miong 304 55T ZEA $1.21945 32429 s182.82 535E 42,805
106 Tee 304 55T 4 EA SAES.TS 33,959 3197 85 3733 $4.751
14x6 Tee 304 35T 4 EA S3E7.50 32471 FIT3.E2 5694 $4,154
14310 Regucer 308 35T 1EA §121.63 133 338.33 36 $230
14" Fipe Spool
1Miong 0L S5T 4 EA 54,424 F165.00 F654 $5.088
2 it long 304 55T 1EA 51,367 F205.10 205 $1.572
5 ft long 304 S5T 1EA 52,131 321 32y $2.474
& 1t long 304 S5T 4 EA 53,651 536180 51,428 $11.088
14" 90 Elbow 204 55T 2EA 51,246 512453 3240 $1.455
147 90 Elbow WE" slde outist 304 1EA 31,024 $203.E3 5205 $1.253
55T
14" Tee 204 55T 1EA 36 313094 130 $558)
14" Buthery Valve 304 35T 1EA 32979 44525 F4LE 43,421

Biis-of Materials 50 mgd §-18-20 seawaer - 3-3-04.xs
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ESTIMATE SUMMARY

FROJECT : RO TRAIN OPTIONS

8" Seawater Skid

ESTIMATOR: D JONES

FACILITY & SEAWATER TRAIN PROJ. MANAGER:
FILE NAME- R O TRAIN OPTIONS XLE PROJ. NO.
MaRK-UPS: MaTL LABOR EGUIP. INSTL or 8/C ESTIMATE NO. © 2002047
OVERHEAD = REY. HO.:1
PROFIT = DATE: W23/04 (Rev £-21-04 Bargman)
MOBBONDYING. =
CONTINGENCY =
MATERIALS LABOR CONST. EQUIP. INSTL or 5iC
N0 DESCRIFTION GTY | UNIT TOTAL SUBTOTALS
UKIT § AMOUNT MH | RATE | AMOUNT UHIT § | AMOUNT UNIT $ AMOUNT
Permeats-To-Wasts
14" Fipe Spoal
1 ftlong 30L5ST 1EA §1.106.00 51,104 $165.50 5§16 $1.272
£ it long 30L55T 1EA $1,380.00 31,53 $263.50 5234 $2,174
14" Bartterfly \ara £ XN 1EA $7.14000 3714 $1,071.00 $1,071 $5,211
147 Buttery Valve 304557 1EA $2.975.00 32.979 344525 446 $3.421 $15.07E
[Clea 7 23
5" Butterly Valve PVC 1EA S3E7.50 £33 §33.17 56 S44g
4" Fine Spoal
& it long PVC JEA 355.00 527 §$13.85 = s31
3 1t long PVC 1EA SE9.00 34 $10.35 10 £79)
5" 20 Elbow PV SEA SET.E0 173 §11.50 235 $207) 81,053
nistrumertation
14" Mag Meder - concentrate SxXN 1EA §32,500.00 33,50 $5,040.00 5,040 438,640
14" Mag Meter - permeate 30455T 1EA 5§22 400.00 522,40 $3,360.00 3,350 425,TE0
PITs win daphragm seals 21855T 2ZEA $2.100.00 $525.00 1,050 $5.250
PITs 21ESET 1EA $1.700.00 $425.00 F42g $2.125
(Conguctivity Mesers 2EA 51,300.00 5450.00 FE00) 4,500
nEtrument Rack 1EA 32.000.00 3300.00 3300 $2 300
nstrument Panel 1EA §5.000.00 §730.00 750 $5.750
'O Paned 1EA $2,000.00 $300.00 5300 $2,300 96,625
Palntzg Carbon Siesl Skl 1EA §£2.200.00 L4220 #3200 24,320 $47.520 47520
G E.
Sample Panal 1EA $2,000.00 32,00 F200.00 2004 $2,300) 52,200
Sampie Vaives
=
Concentas EXN 1EA
Pemmaate Manifoids 218 SET GEA
Pemeate Tolal 316 55T 1EA
Pemmeale per Pressure Vesssl 315 179 EA
55T
A BUBTOTAL $1,769,532 S7E9.413 §2.538.952 2538952
B OVERHEAD & PROFIT A ahd=[{A=chd ")
C MOS [ BOND / INSUR. ol A
O CONTINGENCY % of A}
E TOTAL ESTIMATED CONSTRUCTION COST §1,769,532 | §7E3,413 | $2,535,000

Bils-of Matenals S0 mgd 3-18-20 seamater - 3-0-04 xis
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Table G-3.—BOM for 16-inch Seawater Case

EATIMATE EUMMARY
= EATIMATOR: O JONEE

FACIUTY - 18" SEAWATER TRAIN PROJ. MIANSGER:
FILE HAME: R O TRAIMN OPTIONS XLE PROJ.HO.:
MR UFPE: BIATL LAEOR EQUIF. INETL or 8% EATIMATE RO - 2004047
OWERHEAD = REV.HD.:1
FROFIT = DATE: 32304 (R 8-21-04 Eargeran]
MOBIEONDINE =
CONTINGEMCY =
WETERALS LRECH TONET. EGdIF. THETL or &5
RO CELCRIFTION ey LW TOTAL SUETOTALE
UNIT § AMOUNT MH RATE ARACALINT LT § AMOUNT LsIT § AMOUNT
Feed Header
24" Ppe Spoo
1% long BXM 2EA 450236 5,807] 51421 50 = $11,048
3% iong B3N 1EA 830728 55,217 =45 0 o 7,288
5 iong EXM 1EA 8,588,196 55,528 1289 0 o |
20" Pipe Spooi
13T iong SN 1EA F14,31840 514,518 52T TE 52334 50 = $17,168
24" S50 Ebow EXM 2EA 2,563.20 55,125 EE1Z54 1,024 0 o 23,152
24" Buderty vaive EXN 1EA 51224000 12,240 SZ84200 2424 0 x| #1428
24" T EXH 1EA F3.57120 53,571 4.4 TR &0 pox) 84,255
207 Tee EXN 1EA 52,376.00 52,57E| sEEA0 =g 0 b 8.Em
2] FEdurer S 1EA FTS2.00 E T=r A0 3125 0 b £ 74,952
Foed Manhoic
20" pipe 151t long with 12 ea 5 side 2EA F15,076.50 F30,154 3225052 pulemk 0 x| $34,877
outiels wieics BXN
Frassurs vezssl 37 (shouic havs SIEA F9E1I0 583,808 s1mEE $12571 50 = $50,370 F131.055
baan £ §142.50) connecors wih
vics EXM
o Feed)
0" Fipe Spoo
1% iong B3N 2EA 7,372.20 F14,74 e 2213 0 L $18,557
3% iong EXM 1EA #8,53040 55,620 51,24.55 1235 0 o 38,506
20" S0 Ebow EXM 2EA $2,135.72 1T foem ke 24 0 x| 2
20" Buttery Vale EXN 1EA F10,500.00 F100,800] ¥1,520000 #.520) 0 x| $12,420 4218
Pressurs Vesses S1EA $10,000.00 $500, 000 $2,000000 §120,000 0 o 81,00, 000 $1,080, 000
kizmicrans Elements SHEA #2,500.00 §1,575,000 EE00.00 315,000 0 o 1,680,000 $1,850, 000
Concertaie Manfod
207 (showd o 1 D= 15 11 Iong 2EA 31507650 530,154 5225152 54573 50 = $34,877
With 12 =3 & siom cules S5
Pressure wesssl 37 (shouid be €7 SEA 33130 §53,808 gkt 1257 0 x| $ea,378 F131.065
5142 50} connediors with vics E3XN
ConcenTEie Heager
207 (smiouid be 127 Elban EXN 1EA $2,13572 52,136 fx e iy 5320 0 b 82,458
20 (srousd be 137 Pine 20000
130 long SXM EA 514,29840 F14,318 52,23 $2.239 0 o #17,1¢8
240 {should be 201 2) Reducer 1EA F7S2.00 753 FsE40 5155 0 x| $850
]

Ellbs-of Materials 50 mod 5-16-20 seamater - B-3-0dals
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EZTIMATE &UMMARY
= T TRAIN TP TIOHE

EATIMATOR: O JOMES
FROJ. MANAGER:

Elliz-of Materials 50 mod 5-16-20 seamater - B-3-Moais
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FILE NAME: R O TRAIM CPTIONS XLE FROM. O
MARFAIFE: RIATL LASOR EGUIF. INETL or 8T EATIMATE HOL - 2004047
OVERHEAD = FEV. HD. 21
FROFIT = DATE: 32304 Ay 8-21-04 Eargman)
NOREDNDIMNE =
COMTINGEMCY =
WETEFALE LRECH CONET. EGAIF. THETL or 8T
CEELCRIFTICH T LRIT TOTAL SUETOTALE
LIHIT § AMOUHT MH | RATE | ANMCUNT | UNIT§ | AMOUNT LNIT § AMIUHT
24" Pipe: Spooi
10T e SN 1EA 1159600 511,516} 1,742.40 1,783 50 = $13,358)
& % long BXN 1E E8.58R.1E 52,528 2= 1289 £0) Ex BE
& % long BN 2EM 707834 514,148} 51,057.14. 2,123 50 = #1827
1% long EXM IEA 845023 F14,210) .50 2,163 0| ] $18.572
24wz ishouid e 2417) Tes XN 1E E2.27E00 52,97E| 55X 5255 £0) Ex BLEH
247207 {snoud be 24x12) S0 Shaw § 1EA §2,56330 52,553 51254 =y 0] 0 #1078
24" Arr-cawhiation Globe \abee 1E $54,596.20 554,517 $5.67T.52 5574 £0) ) #74,154
24" Tee EXMN 1EA §2,576.00 52,97E| $5E 0 ==y 0] b .57 F161,052
ooR c s G
20 Butterry 1EA $10,500.00 510,800} 51,62000 152 50 = $12,800
207 Pige Spodd
Lt long 31EE3 1EA §2483 %8 52,883 7245 5372 0| 82,56
1%t long 31653 1E E1.37637 51, 37E| 2EAD 205 0| Ll =21 Fie.2=8
25" JSanTs w2 vics BV SIEA 53830 53,847 ETS 50 = LT 53,968
Ermems Manii
& Floe Spocd 14.5 1t long w2d = 1E £2.5E37s 52,554 F4E08 =4 0| Ex B
257 sif® ouUsEns Wi we 304 E5T
B Floe Spocd 14.5 1t long w2d = TEA £3,53243 25, BT ETA.EE w4004 0| Ex $30,851 534,54
257 sif® ouUseEns Wi we 304 E5T
125 50 Elbow 304 55T 1EA §2E3.00 353 Fladas a4 0] E #1107
12" plp= soools
2% long 304 55T IEA 353000 52,07 S50 534 50 = 8258
1 & long 3 23T 124 BT 00 427 FOE £ £0) f $E37)
12%5 Tee 34 85T 3IE E£1,227.00 82,7 25140 e 0| f HEI5
s Tes 30 S5T A 5208500 55,320 41500 51579 0] = $10,058]
20w12 Reducer 304 22T 124 HOET 00 0 = £0) f a2
20" Pipe Spool
1t long 304 25T 2E 83,062 %€ 35, 155 FL53.d =25 0] E 7,114
2% long 3 25T 2E 3,372 55,750 B3 013 0| f §7.Te5
3t long 304 25T 1EA §3,558.28 53,655 54853 =4 0] E 4,008
6 long 3 25T 2EA E4.507.7E £2,0ME| EETEAE 1,353 0| f $10,328
B it long 304 25T 1EA EE,0T3E8 5,074 5108 STEA| 0] E 35,535
9% long 3 23T 1E 52264 55,37 803,50 203 0| f 120
01t long W04 55T 1E 55,535 50 55,540 SBLE 5345 50 = P
20" 50 Elbow 304 83T IEA 55828 52,670 AR =24 0] E 3,204
20" 50 Elbow wiE™ shie outied 304 124 E1,08E528 1,028 21r4E 217 £0) f =
EST
20" Tes 304 23T 1EA £1,23842 $1,235 e Fieg 0| f H 425
20" Budeely Wakee 304 35T 2EA 8425000 52,500 S&37.50 #1275 0] E B,TT6
24" 30" Reducer 304 25T 1E 27500 FI7E| iz 4 0| fx 18| $23,048




9" SEAWATER TRAIN
FILE HAME: R O TRAN CFTICHE XLE

EATIMATIOR: D JONES

ARFLUPE: RIATL LASOR EQUIF. INETL or 8¢
OWVERHEAD = )
FROFIT = DATE: 2204 (Fev £-21-04 Sargman)
MORIBIMDINE =
COMTIMGEMCY =
WATEFEALT LEECH COHET. EGUIF. THETL or 5T
T LWIT TOTAL SUETOTALE
UNIT § AMOUNT WH RATE encuNT | T g | amounT T § AMOUNT
2EA 53,841.34 57,854 FE5E1.28 1,183 0] = 19,028
1EA 510,200.00 510,200 52,040000 E2.050 £0) ) $12,240
1E4 54,2000 54,24 8637.50 =34 0] b 84,E28 53E,15£
1EA SO 3517 TSR 57 50 = 456
2EA $23330 56 543 7 50 = FT=T
2EA 15540 F350 g Ei= £0) ) 448
S0 Elnow B IEA 52800 5267 §17.30 553 50 = $370) 54,300
Inspumeniaion
24" tag MistEr - cOnCaTTEE XM 1EA 533,500.00 533,500 =, 040,00 F 50 = $33,840)
20" Fdag Meter - pemmeais 34SST 1EA 2240000 22,400 53,350000 3,380 E0) B $26,720)
FiTs wis dachrag™ seas 216S8T 2E £2,100.00 4,200 55200 51,05 50 = 5,250
PITs JESST 1EA F1,700.00 51,700 &= 2 0] B 82,138
Conducivity Mmers 2EA #1,500.00 53,800 E20000 =00 £0) pax 84,500
Insrument Rack 1EA 52,0000 52,000 §300.00 52004 0] B 82,500
Irsrumant Fans 1E F5,000.00 5,000 EFE00 =] 0] 0 2,780
1*2 FPone 1E £2,000.00 52,000, 300,00 2000 0| px 82,500 SSE53C
Paimi= Caribon Sieel Sid 1E F72,000.00 72,000 72000 £7.200 0| ] $79,200 575,200
zampie Fansl 1EA 20000 52,000 200,00 5200 50 = 82,200 52,200
Sampis Vaives
Fad S8 1EA
ConcEnTalE EXN 1E&
Permeals ManFoids 315 23T BEA
Permeal= Tolsl 398 55T 1EA
Fermeais per Fressure Vesse] 395 S0EA
SST
A SUBTOTAL f el =) EEIEEET 1] ) FHIREET TEEEEEST
= OVERHEAD & FROFIT (ArDha={jArond )
T  MOEBOND/INSUR %ol A
O CONTMGEMCY 5
= TOTAL EATIMATED COMITRUCTION COST =g e | | | I [ Y- I = I |

Sllis-of Materials 50 mpd 5-16-20 seamater - B-5-0d.xis
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Table G-4.—BOM for 20-inch Seawater Case

PROJECT @ RO TRAM OFTIONE ESTIMATOR: D JONES
FACILITY 207" EEAWATER TRAIN PROJ. MANAGER
FILE HAME: R O TRAIN DPTIONS. LS PROS.NO.
MARKUPE BIATL LABCR EQUIP. METL or 8 ESTIMATE MO - 2004047
CVERHEAD = REV. ND. 11
FROEM = DATE: W12 [Rev 2-27-04 Eargmani
MOEEONDINE.
CONTINGENCY
MATERIALE LASOR COMET. EGUIP. BHETL or 810
HO DEBCRIFTION ary | URT TOTAL BUETOTALS
usIT § AMOUNT MH RATE amount | unrd | amounT UNIT § AMCUNT
Faed Heager
24" Fige Spoal
i ftlong EXN 2EA $4,502.35 52,607 1,449 5] 0| $11.048
2 ieng sxy 1 EM $5,317.28 55,317 33| = 17,265
7 ieng ExM 1 $B,556.15 52,584 51,288 = 50 15,978 528,129
24" Fige Spoal
1€ fiong €N 1 EM 1515775 515,753 53,573.66 52434 = 50 $18,581
24" 50 Eloow SXM 2EA $2,523.20 55,125 FE1ZES 1S 5 0 32,962
24" Buterfly vatve SXN 1EA F12,240.00 F1z.250 £2,845.00 2,448 ] 0| $14 288
247w 20" Tem EXN 1EA 53,571 FT14.22 714 5 0 4,286
207 Tee SHHM 1EA Z, 575 $555.30 555 5 -1 1571
24220 Reducer EXM 1EA 5y Fs2.40 158 5 -1 4860 548,238
Exzg bianfold
207 pips 17 ftiong win 12 =3 &” skce 2EM 515,334.50 522,669 53,850.16 52 900 = 50 $37,588
cutets wivics EXMN
Pressure vessel 8° connsciors wih BB EA 24160 05,77 E155.24 15,7 = 0 122784 510,353
wics. SXN {shoud be §252 50
CF (Cleaning Feed]
24" Fige Spoal
T icng EXM 2EM 58,345.75 517,700 59,327.46 52555 = 50 $20,364
2 ftiong EXM 1 EM 590,352.68 510,284 59,554.55 51,555 = 50 $11,918
24" 30 Elbow SXN ZEA 5255785 55,135 £354.43 F7ES E 50 15 886
24" Buterily Wake SXN 1 B 512,350.00 512,359 59,544.00 31,5344 5 50 $14,804 583,074
Pressure Vessels B EA $45,535.00 51,343 7504 $3,12=.00 S2€H.TE0) 5 0| 1,812,500 §1. 612500
Fd=mbrans Elements E02 EA $3,506.25 2,351,586 §751.38 470,313 5 -1 A2,BE1 876 J2EMETE
Locczrimiz Manfod
20 isnculd b= 157} 2ip= 17 R ieng 2EM 515,334.50 522,669 53,850.16 52 900 = 50 $37,588
witni 12 =3 B° sid= cutisis £X0N
Pressure vaszsl 57 connsciors wEh £6 E& £1,249.80 10, 7T 185,04 F15,017) i 0| $122 784 560,353
wics SXN {shouid be §252 50
Concanrals —eagsr
20" (shiould be 167) 90 Ebow EXN 1EA F2,13572 52,135 $320.36 320 5 &0 %2 468
20" (Should be 187 Pipe Spoa!
12 ftlong EXM 1EA 14,2840 14,51 £2,237.76 2,238 ] 0| $17.968
2x20 {shouid e 2helS] Reducer 1 B F7E2.00 575z F155.40 5153 5 0 2960
[EXM

Eli-of Mat=nals 50 mgd 8-15-20 s=awmer - 3-3-.ps
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20" Emamater Skld

PROJECT : RO TRAM OFTIONE ESTIMATOR: D JOMES
FACILITY 20" SEAWATER TRAIN PROJ. MAHAGER:
FILE NAME: R O TRAIN OFTIONS. 5LE PROJ. M
MARKUPE BIATL LABCR EQUIP. METL or 85 ESTIMATE MO, © 2004047
CAVERHEAD = REW. N\ 1
FROFM DATE: 32304 (Rew 2-21.04 Eargman)
MOESECHDNNE.
CONTINGENCY =
MATERIALE CONET. EQUIF. BHETL or 8IC
HO. DEBCRIFTION aTry | UNT TOTAL BUETOTALS
T § AMOUNT MH | unm§ | amounT URIT § AMCUNT
24" Figm Epool
10 long EXN 1 E& 91,516.00 511,615 = 50 $132.358]
& Tt long XN 1EA 8,528.15 555 px 0| 2878
4 1tong EXN 2EA 07424 14,125 b 0 $1e2m
1 ftlong EXH IEA 4,500,358 514,410 5 0 $18,572)
24¥20 {shoud e JLy1E]) Tes ExN 1EA 12,9760 5 0 FET
247207 (should be 24x15) S0 Elbow 1EA $2,523.20 ] iy FLoT
247 Anit-cavitaion Gobe Valve 1EA 64 51E.80 ] 0| $74.704
247 Tee axN 1EA 32,9700 5 &0 FET 5161052
LOR iDearing Concenirale Heym)
24" Buterfly Vale SN 1EA £12,20.00 F12,560 £1,344.00 F1.5244 ] 0| $14.804
24" Figm Epool
1 EA 28 52, 56| BA4TTH 5248 E 50 %2,453]
1EA #1,523.05 1,653 F47.56 Pt = 0 #.am 20,238
B8 EA SEE 00 S5.E7H 52.50 $851 = 0| 2527 FEEIT
Zemeate Manfiols
E" Fipe Spoal 7.5t long w24 ea 1EA $3,115.85 23,119 BE57.28 BT L 0 L ERY
3.5 sid= outiels wih vic 304 55T
8" Fipe Spool 1751t long wi2d ea TEA 12805 A28, B899 FE15.21 4334 ] iy #2251 36,514
3.5 side outiets with vic 304 55T
Ezmmzale Heager
1€xE 30 Ebow 304 E5T 1EA $1,254.00 1,284 Flozed 153 . 0 #1477
18" pips sponis
2 Tt long 304 55T IEA 000 52,750 Fix00 4 ] 0| FLAT4
f ftlong 204 55T 1EA $52267 flE 3240 =3 ] 0| AT
1ExE Tz 204 5T IEA 3157600 55,024 £335.20 1006 5 0 82,054
248 Te= 304 EST LEM 32,5140 Fi0,055 ¥S0ZE0 32,011 b 0 $12,.087)
24xiE Reducer 304 55T 1 E& ELI0 EEER 32540 53¢ t 50 4E7E
24" Figm Epool
1 ft long 30& S5T 2EA 171263 57,424 E555.E5 E 50 %2535
2 ftiong 304 55T 2EA P THED 52,489 FFioie L 0 $10,288)
2 11iong 304 55T 1EA 4,350,580 4,354 §E50.08 5 0 506
€ 11 long 304 55T 2EA FEAIETI 10,83y 81237 ] iy $12.458)
& Ttiong 308 25T 1EA 56,0570 55,057 E314.56 ] 0| .01
=11 ong 204 55T 1EA 6437 HI 55,435 ¥955.ES 5 &0 7408
16 % long 304 55T 1 EA HEIT A 55,877 $1,373.32 5 0 $10,146)
24" 50 Slhow 3. 55T IEA $1,057.85 53,204 521357 5549 5 0 3 g4
24" 5 Elhow w's" shde oudet 304 1EA #1,263.85 1,284 §252.37 1253 = 0| H.E17|
et
24" Tee 304 55T 1EA $1,457.30 51,487] 27300 523 E 0 #1,710]
24" Buterfly Walee 304 25T 2EA 5, 100,00 510,200 ETes00 1,530 ] 0| #11,730) 504,42

Ells-of Maierals 50 mpd 8-16-20 seawnier - 5-3-M.s
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PROJECT

o RO TRAM CFTIONS

FACILITY 20" SEAWATER TRAIN

20" Saamana S

ESTIMATOR: D JOMNES
PROJ. MANAGER:

FILE NAME: R O TRAIN OFTICHE. 0L PROL MO,
MARK-AFS WATL LABCH EGUIP. METL or 8C ESTIMATE MO. : 2004047
OVERHEAD = REW. NO.:1
FROFT — DATE: 32804 Rev £-24-04 Sargmani
MOESOMDHING. =
CONTINGENCY =
MATERIALE LAECH CONET. EGUIP. BIETL or 8iC
MO DEZCRIFTION ary | uNm TOTAL EUETOTALE
BT § | AMOUNT MH | RATE | AMoUNT | unT§ | AMOUNT UNIT § AMCUNT
Eemeate-To- sz
24" Fige Soon!
11ticng 30£E5T 2EA faalel-} ¥1.420] s 0 #0288
24° Bty Vare & XN 1EA 52,842.00 2,248 ) 50 #14.288
22° Buterny Valve 3455T 1EA 35,100.00 FFEE.00 F7Eg] ) 50 2,266 521,442
2" Bunerly Vaive PUC 1EA 31707 3517] 7.5 57| ) 50 2585
& Fipe Soon!
Efticng FVC 2EA F233.20 3455 F4.58 57| ) 50 2538
2 1tiong FVC 2EM FI55.10 525 §25.27 55| ) 50 frr]
2" 30 Elnow Py TEA .00 5257] §7.80 =3 ) 50 120 59,500
mumenixion
257 Mag Mzter - concentrats SX4 1EA £33,500.00 33,60 £5,040.00 £5,0401 ) 50 $32, 840
247 Mag Mster - permeate 30455T 1EA E25,550.00 25,2500 54,032.00 5032 ) 50 $30.812
FITs wkh diaphragm sesis 15557 2EA £2,100.00 54,200 F525.00 il ) 0 85260
PITs HESET 1EA ¥1.700.00 51,704 2500 5425 ) 0 82,125
Conductsty Msters 2EA $1,500.00 53,600 450,00 F=00] ) 50 24,500
Instrament Rack 1EA $2,000.00 52,004 F300.00 5300 s 0 52,300
Insmamen: Parel 1EA F5,000.00 55,000 FF50.00 5750 s 50 35.7ED)
10 Parel 1EA £2)00.00 52,003 300,00 5300 ) 0 52,300 =TT
Paini=: Carbon Steel SHd 1EA 5140.400.00 140,400 E58,40.0 552,401 ) 0 $164.420 5152440
Sampie Parel 1EA 2,000.00 52,000 F200.00 5200 ) 0 2,200 52,20
Sample Vaives
Faed SN 1EA
(Concemraie XN 1EA
Pariate Mantods 215 S5T BEA
Farmeats Toml 345 55T 1EA
Parriats per Prassure Vessel 215 25 EA
Py
A BUSTOTAL EIRE FETA.5TS 0 ] $6.486.327 55,455,337
B OVERHEAD & PROFIT [A"ohd]+[A~0nd) 0} 3] 51 | 5] 10
©  MOB!BOND/ INEUR. &l Al ol 5 ol ® 20
O COMTINGEMCY % ol &) 2 5 2 12 20
S TOTAL E3TIMATED GONSTRUCTION COST [ #E7aETe | [ 0] [T 486,500

Blis-of Maierdals 50 mpd 8-15-20 s=awnier - 5~ vis
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Table G-5.—CPES Cost Summary for 12.5 mgd Plant Capacities

oklGh @rown &h Groan TAoKIGH aroun TAOKIEN SUrlaos TAORIEN Garaos TAokIGh Surlace
CHIM HILL CFES CO3T 3UMMARY Walter 87 Watar 187 Wakar 20" Wakar 8™ \Wabar 18" Waker 207 Saawalsr ar Zeawatar 18" Ssawabar 20"
12 & mgd Moi= 1}
FT Faclty Bafior= Sdders, § Milon [Rote I EE00 547 #1843
Eopd S0LE4D E0.438 51.450
% of 2" dis oost 100.0% 23.8% 100.0%
ciity After Some Adders. § Millon (Nos 3} F11.E 7.56 $26.33
R Faolily$igod 20.837 211
% Increase fom § betore adders 45.5% 455
% of 2" dia oost 28.4%
RO Facl By Afer &l Adders, § Milicn (Mot 4) FI0AS
Eopd E0.B1E
% Increase from § before soms adders 28.0% 28.0%
% of 2” dla oost 100.0% 23.8%
Tosal Plant Consucton, 5 Milkan F22.79 E18.08
Em #.448
% of 2" dia oost 100.0% TEE%
Annual QEM Costs § MIFonYT 303 $2.595
Annual D&M Costc $1000 gallons 0850 20.880
% of 2” dla ooct 100.0% 87.8%
LH= Cycie Cost, § MIkon FE053 §54.83
% of 2” dla ooct 100.0% 50.8%
Amorized Caphal, ¥ Miloniyr {Note 5) F183 $1.45
Amoriized Capkal, 31000 galons 422 F0.335
Tidal Annusal Treased Waler Cost 5ir E4EE £4.40
Toks Treated Wabsr Coxt £1000 gallons. #fan 018
Tofal Treatsd Waber Coet §iaore-foot 385 a1
Total Treated Waber Coct $ima $0.7%8 40.2a8
% of 2” dla ooct 100.0% 50.8% 100.0%

[ S

. Annual production at S5% plant fachor = £,334
. AddHonal proj costs {sitewerk, yard piping, yard siect, plant competer], Comracior markups (2H, proft, MovEondsinsuriCondngency), Escalaion o midpoind of constucion), Location agiustment facko, and "Red Fiags”

S Kgalfyr

WER acders except stancard addbonal project costs [sRework, yard piping, yard siect, plant compater)

Adders incuded: Addtional prof ossts (sitewerk, yard piping, yard aisct, plant compubert, Somtracior markuzs (OH, proft, Mos'Sondsfinsun'Condngens
. Amorttzabion a2 59 for 20 years

181

Esraiztion i migpokd of construction), Locstion adiustmant facfor, and "Red Flags”




Table G-6.—CPES Cost Summary for 25 mgd Plant Capacities

4304 rown ra &N Broun raokic rour [E-1 ST L) ra ] L1 raokic ul L)
GHIM HILL CPES CO3T SUMMARY Wadsr & \Water 187 Wiaber 20 Wiaker 8" \Waber 18" Walsr 307 Boawaisr g peawater 18" Beawaler 20"
25 mgd (Mote 1)
RO Faclty Bafers Asders, § Milen [Ness ) E1E.25 $11.18 51838 E1Z.EE 535,43 $30.54 535,41
Eigpd E0.ESD 50.447 50.575 50546 51.413 £1.218
% of 2 dia oost 100.0%% 23.8% TE0% T2.9% 100.0% 86.B%
RO Facilty After Some Adders. S Millor (Mote 3} £1E.28 52033 E15.EE 551,83 552,30
RO Faclity$iged #0.851 $0.837 #2708 $2.085 $a772
% Increaze fam § Detors adders 45.5% 455 45.5% 45.5% L85
% of 2" dia ooet 83.8% T80 T2.9% 100.0% 86.8%
RO Faciky Afer Al Accers, § Milicn (hooe 4) 520.83 52673 535.42 356.03 556,71
Egpd 50833 51.071 0T 52.654 $2.258
% Increase from § befors some adders 28.0% 2510% 28.0% 25.0% 28.0%
% of 2" dia oost 83.8% T80 72.9% 100.0% 86.8%
Tesal Pant CensTuction, 5 Millan §332.31 35758 55523 5117.20 ¥107.82 $105.30
Tefal Consiruakion figod #1.288 $2.704 #2548 $4.888 $4.313 $4.238
% of 2" dia oost I7.2% BEE% ET.1% 100.0% B2.0% B0.8%
Annual D&M Costs § MITnYT $5.43 57.82 57.78 512.53 §12.38 §12.34
Annsy O&M Cosfs 41000 galions $0.833 $0.602 #0288 $1.085 $1.428 $1.424.
% of 2 dia oost BT.5% BE4% B8.1% 100.0% BB.B% BE.6%
iz Cyce Cost, 5 Mllon §100.60 F165.0% F1E3.37 F273.38 §262.11 FI55.8
% of 2 dla oot 29.8% Be 3% 52.9% 100.0% BE.B% BE.0%
Amcrized Capha, § MIlonT (Kot ) [ §5.42 R $5.40 FE.EE FE.50
Amorized Capkal, 51000 galiens 50332 30,628 S0E13 51.085 £0.938 50520
Tetal Arrial Treated Water Cest 5T £5.07 51324 F13.11 52154 £21,03 530.54
Tokal Treaded Wabsr Cost £1000 gallons: #0841 $0.831 $1.628 FIN-ES $2.650 $2.428 $2.404.
Tofal Trealed Waber Coct $iaore-foat 0T §ans LT 483 §B24 $701 $7as
Tofal Treatsd Wabsr Cost $ima. $0.248 #0.248 $0.803 #2388 $0.888 $0.840 $0.835
%% of 2 dla oost 100.0%% BOLE 29.8% Be 3% 53.9% 100.0% B6.B% BE.0%

1. Annusl prodection at 5% oiant facior = 8,668,750 Kgalfyr

AddHonal proj costs {siework, yard piping, yard siect, plant computer], Conimcior markups (O, proft, MobEoncsinsunCondngency), Excaiation o midpoint of construction), Locaton agiustment facior, and “Red Fiags”

Wi adders except stancard addbonal project costs [sRewcrk, yard piping, yard siect, plant computer}

Adders iIncluded: Addiional proj costs {stesork, yard piping, yand siect, plant computer], Comracior markuos (OH, proft, Mob/Sondsfinsun'Condngency |, Excaistion (i midpoint of construction), Location agiustment factor, and “Red Fiags”
Amortization for 20 years

LY
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Table G-7.—CPES Cost Summary for 50 mgd Plant Capacities

okl o &N sroun raokic rour a0l S urfaos ]
CHIM HILL CFEE CO2T SUMMARY Watsr 27 \Watar 18 ‘Wiabear 20" ‘Wiaksr 8" Wiaber 18" Snawainr ar Seawabar 20"
B3 migd (Mote 1}
RO Facilty Eafors Aaders, § kMilon (Nooe ) 3243 2.7 32847 F70.54
gpd E0.E4S E0.434 $0.553 §1.413
% of 2" dia oot 100.0% 28.0% TLE% 100.0%
RO Fadity After Some Adders & Millon (Mois 3} & $31.59 521.00 5103.24 $83.75
RO Faolity$igpd 40.832 $0.820 $2.085 $.878
% Increase fom § efore adders 45.5% 4555 45.5% £5.5%
% of 2" dia oot 28.0% TLE% 100.0% B 1%
R Faciky Aher M1 Adiders, § Kilion (Mot 4) 4043 5248 ¥132.15 F07.2
%opd E0.80% §1.050 32.643 F2.744
% Increase from § before some sdders 28.0% 28.0% 25.0% 28.0%
%% of 2" dia oost A% L T&.6% 100.0% B1.1%
Tosal Flant Construction, 5 Millkon E58.71 $136.68 F118.67 $216.62 F151.68
.47 j2.734 $2.a73 $a.382 23.834
% of 2" dia oot T4.8% 100.0% BELES 100.0% 83.6%
Annual QEM Costs 5 MITkaYT F10.42 F14.75 F1a51 $23.85 £23.48
Annsal D&M Costs 1000 gallons 0801 $0.861 $0.B3T $1.578 #1.354
%% of 2" dia oot Ba.8% 100.0% BE.F% 100.0% B83.4%
LHe Cycie Cost, 5 Milon F188.53 $320.56 [+EEES ¥513.96 F484.2
%% of 2" dia oot 100.0% BEA% 84.2
Amaorized Caphal, ¥ Milonfyr |Kote 5) 057 §9.52 ¥15.38
Amariized Capkal, 51000 galicns 0632 F0.543 E0.887
Tolal Annual Treated ‘Water Cost 5T F25.72 F2403 E38.86
Tokal Treated Watsr Cost $1000 gallons. $1.484 $1.388 2.241
% of 2" dia ook BEER 100.0% BIA% B6.1% 84.2%

1. Annual production a% 5% piant factor = 17,337,500 Kgal'sr

[ Sy

. Amaortzation at 2% for 20 years

183

Addional pro costs {stework, yard piping, yard siect, plant computer], Commacior marcuzs (O, proft, MobSondsinsunCondngency), Excaiation (o midpoint of consruction), Location agiusiment facior, and “Red Fags”
WER acders except standard addboral project costs (sRework, yard piping, yvard siect, plant competer}
Adders Incuded: Addtional prof costs {sitescr, yard piping, yard siect, plant compuber], Commacior markups (OH, proft, Moo EcndsinsuniCondngencyl, Excalation %o midpoksd of consiruction), Locadon agiustment factor, and "Red Flags”




Table G-8.—CPES Cost Summary for 100 mgd Plant Capacities

roun TADRIEN Grodn TaokICh Sroun [FEARSEI T TAORIEH Sriaos raokIch Suracs
CHIM HILL CFEE CO2T 2UMMARY Watsr 3 Watar 18° Water 20 Water 3 \atar 18" Water 20 Saawniar g Seawatar 18 Seawabtar 20"
1040 mgd (Mol= 1}
RO Facilty Before Adders, 5 Milen (Rode 2) SEEE4 54578 4168 $76.50 35672 £53.85 Tia2.48 11924 1482
Egnd SOLESE F04s2 30437 $0.765 30.557 E0s40 F1.828 §1.192 1.948
% of 2" dla oost BRLE% 28.6% 100.0% A% 70085 100.0% 45.7% il.8%
RO Faciity After 3ome Adders, £ Millon (Moe 3} FEEEZ FE1.53 11134 38254 ETR.ET 3207.31 §173.53 E1E7.10
RO Faolify$igod $0.B8E 20,835 FIRLE] $0.82E 0788 $2.073 $1.736 #Ham
%% Increass fom § betore adders 4555 45.5% 45.5% 455% 4E5.5% 45.5% 455% 45,55
% of 2" dla ooct BRLE% 28.6% 100.0% T 1% 70085 100.0% 45.7% il.8%
R0 Faclky Afer Al Acders,  Milion (ko 4) 5852 B81.31 142,51 058 100.57 %265.36 22212 21389
Epd 50852 50813 $1.835 si.os7 %1.00€ 52654 H $2.1318
% Increase from § before some adders 28.0% 25105 28.0% 25.0% 25.0% 28.0% 28.0% 28.0% 28.0%
% of 2" dla ooct 10i0.0% BRLE% 28.6% 100.0% T 1% 70085 100.0% 43.7% il.8%
Total Prant ConsTuction, 5 kMiln E154.04 F117.05 £113.03 §254.07 5217.21 £212.12 £410.56 §367.43 §355.20
1540 $am Hian $2.681 2172 211 $a.107 $2878 43582
% of 2" dia oost 100.0% TEB.O% T3.8% 100.0% BE.6% £3.5% 100.0% 28.6% 27.6%
Annual DRA Costs § MINonT 2026 2022 52015 $28.08 32750 2745 F4E.02 F45.36 4524
Annua J2M Coste §1000 gallone 00807 $0.6E3 0.5 $0.810 $0.783 0.2 $.828 $1.508 .908
% of 2" dla oost 100.0% BB.E% 28.8% 100.0% BT.0% B7.8% 100.0% 4B.8% 88.2%
LH= Cycie Cost, § Milan 444,08 335305 $364.25 TE03.597 [EEEH 55422 EEEES $532.65 £82202
% of 2" dla oost 100.0% BE.1% 28.0% 100.0% BE.TH% &1.8% 100.0% 84, 7% 83.7%
Amaoriized Caphial, § Milonfyr {Note &) [AFE [EEE] 8.07 %2039 3743 £17.02 [FFEH £25.48 52882
Amorized Capkal, 1000 galcns 50.211 50262 %0.588 30.503 piekly %0.950 £0.850 $0.831
Total Anpusal Treated Waler Cost 3hr 3295 £29.23 Tam.ag 5233 44.47 37903 £74.82 74.06
Takal Treated Wabsr Cogt £1000 gallane $0.BEL 10843 41.308 $1.208 183 o078 $2.158 12138
Tofal Treaded Waber Cost §iaons-foat $ETE $276 4466 paz2 418 §743 §708 LT
Todal Traated Water Cact fima $0.228 10,222 40.588 $0.542 1038 $0.802 $0.670 40624
% of 2" dla ooct 100,05 BE.1% 28.0% 100.0% BE.TH% #1.8% 100.0% H4.7% B1.7%

1. Annual production af %5% plant facior = 3£ 675,000 Kgalhr

(L S

. Addional peo costs {sbework, yard piedng, vard siect, pant compater], Confracior markuzs (O, prodt, MonSoncsinsunCondngency), Escataton (o migpoint of consirucion), Locaton agiustmant facioy, and "Red Faps”

Wi adders except standand addbonal project costs (sEework, yamd piping, yand siect, plant compater)

. Adders incuded: Addtona prof costs {Hbeanr, yard piping, yard siect, plant computer], Comracion markuges (0H, profdt, MovSondsineun'Condngency |, Escalsdon (io svgpoit of construction), Locadon agustmant facor, and e Flaps”
. Amortization ai 5% dor 20 years
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Table G-9.—CPES Cost Summary for 150 mgd Plant Capacities

OKIG! roun TR0E0EN roun raokle roun ran Tl Suriaos rats’sn surfaoe raokle uriags
CHIM HILL CFES C02T S3UMMARY Wader 8 \ater 18 \Wiaber 20" Wiaber 8" \waber 18" Wadsr 30" Seawaier 8 geawater 1@ geawaler 20"
150 mpd (Mote 1}
R Faclty Eefors Adders, 5 Milon Mot 2) e EES.E4 55135 F215.83 §180.18
sgpd 50455 50.438 51433 §1.204
% of 2" dia ook EREW H8.2% 100.0% 23.6%
RO Faclity After Bome Adders. S Milion (Mot 3| 5100.13 531410 §262.22
RO $0.8EE $2.084 §1.748
% (ncrease fom § Detore adders 455% 45.5% L5.5%
% of 2" dia ook BREW 100.0% 83.6%
R Faciky Afer A1 Accers, § Milon (ooe 4) §128.24 §402.05 FEEEE
sigpd 50855 52.680 §2.238
% Increase from § befors some adders 305 23.0% 26.0%
% of 2" dia oosk BREW 100.0% 83.6%
Tosal Piant ConsTuction, 5 Millan EIEH.55 FEDL.41 £538.00 E528.12
$2.484 $4.028 $3.687 23601
% of 2" dia oosk 100.0% 100.0% 26.0% H8.0%
Annual DEM Costs § MillanYT 5£1.38 [EERE FET.06 EEE.ES
Annsal DAM Cosdc §11000 gallons $0.788 #1811 $1.288 #1.288
% of 2" dia ook 100.0% 100.0% 100.0% BE.B% BE.0%
A= Cyce Cost, § Millon EE1E.EE EEEE2E ¥1,45415 §9,374.66 51,358,280
% of 2" dia ook 100.0% 100.0% 100.0% BE.E% B.4%
Amorized Capha, § Miloniyr |Hote &) 1544 E25.55 $E6.50 £43.17 54214
Amoriized Capkal, 31000 galons 50354 50.532 $0.830 E0.810
Total Annusal Treated Water Cost 5T 54348 E116.58 §110.23 F908.55
Total Treaded Wabsr Cocd $1000 gallons. 0881 1348 $2.243 $2.118 22.088
Total Treatsd Waber Cost $iaone-foot 210 407 731 $a81 FLEE]
Total Treated Watsr Coct §ma 0,261 0328 $0.682 §0.668 40.563
% of 2" dia ook 100.0% 100.0% BIA% #1.4% 100.0% B4.6% B.4%

. Annual production at 255% piant factor = 52,012,500 Kgalfyr

"

Addkonal proj costs {shework, yamd piping, yard siect, plant compater), Commctor mancuss (0H, proft, MobSondsinsur'Condngency), Excalation o midpoin! of construmtion), Location agiustmant facior, and "Red Flags”

W adders except stancard addiboral project costs (sRework, yard piping, yard siec, plant compuber}

dditional proj costs {stewors, yard piping, yard siect, plant compuber], Comacion markups. (OH, proft, kMob/SondsfinsuriCondngency |}, Excalston o migpaket of consfruciion], Locadion agiusiment facor, and Fed Fiaps”
for 20 years
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