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October 24, 2003

Mr. James Smyth
Sweetwater Authority
505 Garrett Avenue
Chula Vista, CA 92912-2328

Subject: Water Quality Improvements at Perdue
SWA File: B.P. 01-33W, W.O. A3141.0

Dear Mr. Smyth,

This report is submitted to fulfill the terms of the agreement between Sweetwater Authority
and Montgomery Watson Harza (MWH) to prepare a master plan for the Perdue WTP.

This report documents the work accomplished on the master plan through September of
2003 and is base upon the Authority’s decision to pursue enhanced coagulation following a
peer review meeting held in June 2003.

Subsequent to SWA’s decision a water sample was collected and forwarded to MWH’s
Applied Research Division to conduct bench scale investigations of the selected processes.
The results of the bench scale work are summmarized in Appendix P of the report.  Based
on the bench scale results, discussion of treatment process selection is continuing.

Sincerely,

William H. Moser
Project Manager/Vice President
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ClO2

- chlorite
ClO3

- chlorate
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CHAPTER 1 – PROJECT BACKGROUND

1.1 BACKGROUND

Sweetwater Authority’s service area includes a portion of Chula Vista, Bonita, and
National City, and is considered to be near built-out.  The current Robert A. Perdue
Water Treatment Plant (WTP) is rated for a maximum flow of 30 mgd.  The annual
demand of the service area generally is 25,000 acre feet per year.  The distribution
system is supplemented by water from the Richard A. Reynolds Demineralization Facility
(Demin Plant) and the National City Wells with a total combined capacity of 3 to 6 mgd,
depending on Demin Plant operations.  Increases in demands on the Sweetwater
Authority (SWA) distribution system will come from either densification or increased per
capita use and are not expected to rise significantly in the for foreseeable future.

The Perdue WTP was originally designed as a direct filtration plant and placed into
operation in 1961, treating local water stored in Sweetwater Reservoir.  The original
plant generally consisted of an operations building, four gravity sand filters, and a 10
million gallon (MG) clearwell.  Pretreatment and chemical facilities were added in 1986
and consisted of two flocculation/sedimentation basins with a chemical storage and feed
building adjacent to the floc/sed basins.  At that time, upgrades were also done on the
filters and the operations building.  Since the last major plant expansion, several
miscellaneous upgrades and modifications have been completed, such as expansion of
the operations building, upgrades to the filter control valves, capacity upgrades to the
raw water pump station, and clearwell repair projects, among other activities.

The site was master planned in 1986 to allow for the construction of two (2) additional
filters and one (1) additional flocculation/sedimentation basin to provide for a future 45
mgd rated plant.  Provisions were also made for the use of solar sludge drying beds east
of the existing clearwell.

1.2 OBJECTIVES

The primary objective of this phase of the project is to select a treatment process train
and develop site layout alternatives for the Perdue WTP that will allow SWA to meet the
Stage 2 Disinfection By-Products and Long-Term (2) Enhanced Surface Water
Treatment Rules as well as the project budget.  Alternative site layouts consider plant
capacities of 30 mgd and 45 mgd. The capacity objectives were changed during the
course of the study to 40 mgd and 50 mgd.  The change reflects SWA staff desire
to provide some redundant capacity at the Perdue WTP (40 mgd) and to allow for
capacity to others (50 mgd).

SWA’s major objectives for the project can be listed as follows:

•  Implement improvements to meet all pending regulatory requirements for applicable
treatment technologies

•  New treatment processes that provide flexibility and redundancy
•  Meet budgetary constraints by phasing project such that Phase 1 construction cost is

less than $22 million
•  Complete construction of Phase 1 facilities by July 2007
•  Minimize interruption to existing plant operations
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•  Determine what capacity of new clearwell storage is possible within existing budget
•  Improve treated water aesthetics

1.3 SCOPE OF WORK

The scope of work for the Master Plan includes the following tasks:

•  Prepare a regulatory status summary and timeline
•  Conduct two workshops with SWA staff
•  Prepare and refine technical data for major treatment processes
•  Prepare opinion of probable construction and operating cost for alternatives
•  Prepare siting alternatives for a 40 mgd and 50 mgd WTP (Note: the original scope

of work specified design flows of 30 and 45 mgd, but this was revised by SWA)
•  Conduct a Board workshop
•  Prepare a master plan report.

1.4 CURRENT PROJECT STATUS and SUMMARY

During the 2000 calendar year, the Sweetwater Authority implemented a multi-year,
comprehensive Perdue WTP Upgrades Project.  This project consists of several steps,
shown below, that will ultimately lead to the startup of new facilities that would allow
SWA to meet the pending regulatory requirements.

PROJECT STEPS

This report is part of the third step in this process.  The USEPA released the proposed
Long-Term (2) Enhanced Surface Water Treatment Rule in July 2003 and the proposed
Stage 2 Disinfection By-Products Rule in August 2003.  With this action and assuming
that the regulations are finalized in the one year time frame as proposed, SWA would

2. Ozone Pilot
Testing Phase

4. Facilities Predesign
Phase

5. Final Design
Phase

3.Perdue Site Master Plan
Phase

6. Construction Phase

1. Alternatives Conceptual
Level Development
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need to complete construction of Phase 1 facilities by July 2007 and Phase 2 facilities by
2010, in order to be in compliance by July 2010.

The Perdue WTP is a conventional treatment plant consisting of flash mix, flocculation,
sedimentation, filtration and choramine disinfection.  The current capacity is 30 mgd.  As
noted in the flow chart above, the use of ozone as a primary disinfectant was evaluated
during a one year long pilot study.  That study showed that ozone would be effective but
would have to operated at limited dosage rates because of bromide levels in the source
water (the natural runoff into Sweetwater Reservoir).  Ozone contactor locations were
assessed as part of this master plan, however.

Expansion of the plant, and location of new facilities, was to consider adding a third
flocculation/sedimentation basin, new Ozone contactor and equipment building, new
filter(s), Ultraviolet (UV) disinfection, and replacement of the existing 10 mil gal clearwell
reservoir.

As part of the initial assessment of the treatment facility, a visual inspection of the
condition of the concrete in the basins and filters was conducted.  Plant staff had noted
that there were signs of deterioration of surface of the concrete that was more
pronounced in recent years than in the past.  A supplemental task consisted of having a
senior consultant from MWH, with a structural engineering background, provide a
inspection of each and make recommendations.  A brief memo was prepared and is
included as Appendix A.  The conclusions of this investigation were that a coating
system may be required to extend the life of the concrete, but due to the cost of a
coating system SWA was advised to conduct a test of two or more systems. Testing of
coating systems will be conducted by staff separately from the plant expansion project.

Hydraulic constraints resulted when consideration was given to adding UV, a chlorine
contact basin between the existing filters and the clearwell.  The clearwell has a
minimum floor elevation of 250 feet msl to allow the outlet pipeline to cross above the
spillway of the dam to deliver water to the distribution system.  Inserting UV and the
chlorine contactor added hydraulic head losses that meant that the existing high water
level (elev. 270’ msl) could not be maintained.  The existing clearwell would lose
capacity and a replacement clearwell would require a larger footprint to provide the
same volume.

With the hydraulic constraint it was recommended that SWA consider replacing the
existing gravity filters with membrane filters.  The advantage being that water is pumped
from the membranes and that any facilities downstream of the membranes could be
constructed at higher elevations and that the existing clearwell would not lose any of its
effective capacity.  A new clearwell could be constructed with a higher high water level
and thus provide a greater volume than the existing clearwell in a smaller footprint.  This
concept was explored in detail.  Specific membrane types were considered and plant
visits were conducted by MWH and SWA staffs to see prototype facilities in operation.
Details of the membranes systems considered are contained in Appendix B.

Subsequent to the membrane evaluation a peer review session was conducted.  The
peer session included staff of SWA, MWH and three individuals.  The individuals were:

William Bellamy, Ph.D, P.E. CH2M-Hill
Issam Najm, Ph.D., P.E. Water Quality & Treatment Solutions
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Jamal Awad, Ph.D., P.E. CH2M-Hill

The recommendations of the peer review panel were not unanimous, with some favoring
a membrane-UV approach, others an optimal enhanced coagulation approach.
Additional testing was generally recommended and such testing is currently (September
2003) underway.  Generally, the concern of both SWA staff and the peer review panel
was on the increasing THM formation following the addition of ammonia to the
chlorinated water.

The details of the peer review session are presented in Appendix C including the
minutes from the meeting.

Following the peer review meeting, SWA staff met separately and determined that SWA
wanted to pursue an optimized enhanced coagulation approach to meeting the
regulations and that conservative design criteria for the flocculation-sedimentation
basins would be used.  The best approach to meeting this objective was to replace the
existing basins with new basins located to the north, and at a higher elevation, than the
existing basins.  Basins were then sized with two basins for 40 mgd, expandable to 50
mgd by the addition of a third basin.   Also, the option to going to the full 50 mgd in the
initial project was also assessed, using the concept of building two basins at a 50 mgd,
thereby avoiding the two basins with expansion using a third basin.

This change in the influent elevation of the plant created an impact on the capacity of the
raw water pump station that delivers the water from Sweetwater Reservoir.  The new
location of the proposed flocculation-sedimentation basins raises the influent water from
an elevation of 285’ msl to a new elevation of 306’ msl for an increase of approximately
21 feet.  Data on the existing pumps and system characteristics were obtained from
SWA and reviewed to determine the magnitude of the impact on the pumping capacity of
the existing pumps.  It was determined that pumping capacity would be reduced by
about 6.5 mgd for the same lake level when the lake level is at the low end of its
operating range.  This was for four pumps operating.  The pump and system curves for
both current and future influent water surface elevations are presented in Appendix D.

The review draft of this report was submitted that included costs for each process
options and the costs for the two flocculation-sedimentation basins at 40 mgd and 50
mgd.

A 50 mgd plant would involve two new filters similar to the four existing filters.  This
capacity is based upon meeting SWA’s needs and providing capacity to the Otay Water
District (OWD).  In addition to the plant expansion facilities, service to OWD would
require that a pump station and pipeline be provided on the treatment plant site.  Treated
water would be drawn from the clearwell reservoir and pumped through a pipeline to
OWD’s system.  It has been assumed that OWD would construct a pipeline to the vicinity
of the plant’s entrance gate.  The hydraulic calculations for sizing the pump station were
provided by OWD staff.  A technical memo on the station was prepared and sent to
OWD for review.  That memo is included herein as Appendix E.

SWA staff again met internally on August 7, 2003 and concluded that
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•  The plant should be sized to 40 mgd with a fifth filter and
flocculation/sedimentation basins sized for 50 mgd.  The basins sized larger
as the incremental cost was small.

•  The fifth filter would be designed, but not constructed if OWD declined to
participate.

•  A new clearwell would be constructed (size to be determined based upon
available budget).

The August 7, 2003 memo is included as Appendix F.

As the time this document was being prepared (August and September, 2003) SWA was
starting or conducting bench scale tests that will support the process decisions made
throughout the course of this planning effort.  Specifically, testing is being established to:

•  Determine chlorine Dioxide demand and rate of decay
•  Identify enhanced coagulation requirements
•  Examine disinfection by-product formation using enhanced coagulation

The results of the testing efforts will be utilized during subsequent phases of the project.
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CHAPTER 2 – REGULATORY REQUIREMENTS AND DHS ACCEPTANCE PLAN

2.1 SCHEDULE FOR REGULATORY REQUIREMENTS

The regulations anticipated to have the most significant impact upon the operation of the
Perdue WTP are the current and future Microbial and Disinfection By-Product
regulations.  This includes the Stage 1 and Stage 2 DBP Rules and the Interim and
Long-term (LT2) Enhanced Surface Water Treatment Rule (ESWTR).  The following lists
outline brief timelines for the current and future regulations:

Stage 1 DBP Rule and Interim ESWTR:

•  Final regulations were published in December of 1998.
•  These regulations went into effect in January of 2002 in order to determine

compliance.
•  In January of 2002, utilities began collecting compliance information for:

� Enhanced coagulation requirements,
� DBP limits,
� Disinfectant limits, and
� Turbidity performance standard.

Stage 2 DBP Rule and Long-term (LT2) ESWTR:

•  The final negotiated Agreement was signed by a federal Advisory Committee in
September of 2000.

•  Draft versions of both regulations were released in the Fall of 2001.
•  The Science Advisory Board began their review in December of 2001.
•  The EPA released the proposed regulation in July 2003.
•  Final regulations will be published in July 2004.
•  2.5 years after the final regulations are published (in December 2006), public water

systems are to complete the Initial Distribution System Evaluation (IDSE) to identify
new distribution system compliance locations and complete the two-years of source
water Cryptosporidium monitoring.

•  3 years after the final regulations are published, public water systems must comply
with 0.120 mg/L MCL for THMs and 0.100 mg/L limit for HAAs using a Locational
Running Annual Average, while continuing to comply with Stage 1 MCLs (July 2007).

•  6 years after the final regulations are published (2010), public water systems must
comply with 0.080 mg/L and 0.060 mg/L MCLs for THMs and HAAs, respectively,
using LRAA and using new revised distribution system compliance locations as
determined by IDSE.

•  6 years after the initial source water Cryptosporidium monitoring is completed,
utilities will conduct a second two-year source water monitoring for Cryptosporidium.

At the moment, the EPA does not intend to develop a future set of DBP and ESWTR
regulations.  (It should be noted that during the Stage 2 DBP Rule negotiations, the EPA
committed to reviewing the bromate MCL, as part of the six-year review of regulations
required under the Safe Drinking Water Act, as well as a commitment to evaluate
distribution system water quality regulations).  It is always possible, however, that new
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information (e.g., health effects, treatment technology, etc.) can encourage the
development of additional regulations.  In the area of DBPs and microbial constituents,
the development of additional regulations, beyond the Stage 2 DBP Rule and the Long-
term ESWTR, will likely take several years.  Such an activity could include the following
steps and time frames:

•  The reconstitution of membership within the Federal Advisory Committee (6 months).
•  Monthly Advisory Committee meetings to develop recommendations for EPA

rulemaking (18 months).
•  The development of a draft regulation based on the Advisory Committee Agreement

(12 months).
•  The Science Advisory Board’s review of the draft regulation (6 months).
•  Publishing the proposed regulation for public review and comment (12 months).
•  The review of public comment and publishing of the final regulation (12 months).
•  The regulation goes into effect for public water systems (36 months).
•  (Two-year extension available from the State for capital projects).

The above time frame, based on assumptions and previous experience with EPA
rulemaking activities, will take eight and one half (8.5) years from the beginning of the
regulatory process to the date when a utility will have to begin demonstrating compliance
with the regulation.  This, however, does not include the two-year extension that has
previously been allowed for capital projects.
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CHAPTER 3 – DHS ACCEPTANCE ISSUES

3.1 PLAN FOR DHS ACCEPTANCE

The success of the Perdue WTP Upgrades Project depends, in large part, on final
acceptance of the plant’s operating parameters by the local DHS staff.  To achieve final
DHS acceptance for the Perdue WTP Upgrades Project, it will be necessary to
understand what the preliminary DHS compliance requirements will be and to develop a
plan to ensure project acceptance based on these requirements.  It should be noted that
each process unit provides a specific treatment benefit in the process train.  Flash
mixing, flocculation, sedimentation, ozonation, filtration, membrane filtration, UV
disinfection, and post UV chlorine disinfection each provide a treatment benefit as a part
of a multi-barrier process train.  The loss of any one single unit process does not cause
the facility to produce water that will not meet USEPA and DHS compliance
requirements.  The plant can meet regulatory requirements without a membrane or UV
system, given current raw water supply conditions that has been a mixture of local and
import water in Sweetwater Reservoir (i.e., no presence of Giardia or Cryptosporidium).

A general plan for the acceptance of the entire Perdue WTP Upgrades Project will need
to be developed.  This plan will be based on discussions with local DHS staff that will
occur throughout the project’s development and design phases.   This plan will need to
be refined and expanded in response to comments provided by DHS as the project
progresses.

3.2.1 Flocculation/Sedimentation

The existing basins were designed when the Perdue WTP was operated as a direct
filtration plant.  Therefore, at that time, any new pretreatment process was considered to
be a great improvement.  Additionally, the design criteria for new basin designs, during
this period of time, were much less stringent than the criteria used for today’s designs.
For instance, the basins were designed for two stages of flocculation (twenty (20)
minutes) and 60 minutes of sedimentation basin detention time at a surface loading rate
of 1.7 gpm/sf.   An end weir was used, given the short distance between the second
stage of flocculation and the end of the sedimentation basin.  A center dividing wall, with
a single traveling bridge spanning both basins, was chosen to save costs in the original
construction project.   Likewise, a basin length providing a ninety (90) minute detention
time was considered in the 1985 upgrade project, but was later rejected because the
additional cost of this design could not be funded.

Current DHS recommended criteria for flocculation/sedimentation basin design includes
thirty (30) minutes of flocculation time and an effective surface loading rate of 1.0
gpm/sf. The design of the new flocculation/sedimentation basin will be for a flow rate of
20-25 mgd per basin to achieve the plant rating of 40 or 50 mgd.

3.2.2 Filters

The original four (4) filters were placed into service more than 40 years ago.  Each filter
has a surface area of 1,170 square feet.  The filters are rated at 6.0 gpm/sf, with one
filter out of service for backwashing, and provide a plant rating of 30 mgd.  Typically,
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about 3% of water production is used for filter backwash. During periods of peak
demand the net output for use in the distribution system may be limited to as low as 28
mgd. The site was originally master planned to allow for the construction of two (2)
additional filters.

To achieve the master plan rating of 50 mgd, the final two (2) filters must be constructed
and all filters can be operated at a rate of 6.0 gpm/sf.  The Authority would be entitled to
apply for a filtration rate exceeding 6.0 gpm/sf after following the process and completing
the program described in DHS Policy Memo 98-003, Policy on Increased Filter Loading
Rates (July 13, 1998).  This rating could likely be obtained if an advanced treatment
process, such as ozone, is were added to the plant.

3.2.3 UV System Validation

Numerous UV system validation testing requirements must be satisfied before DHS will
issue an operating permit for the UV facility.  Validation testing must confirm the
following:

•  All reactors will deliver the required UV dose.
•  Full scale testing must demonstrate:

� That all reactors perform uniformly;
� That test microorganisms are inactivated per expected dose-response

characteristics;
� That operating conditions are monitored, such as flow rate, UV irradiance as

measured by a UV sensor, and lamp status; and
� Turbidity performance standard.

•  The validation of operating conditions must account for:
� UV absorbance of the water being disinfected,
� Lamp fouling and aging,
� UV sensor error,
� Hydraulic residence times,
� Failure of critical system components, and
� Inlet and outlet piping configurations.

Additional testing protocols such as Computational Fluid Dynamics (CFD) modeling will
likely be established by USEPA and DHS prior to the date when the UV facilities will be
placed into active service.

3.2.4 Chlorine Contactor

The intention of the current EPA regulatory requirements is that each treatment facility
incorporate multiple barriers for the removal of specific target organisms that have
historically been detremental to public health.  In keeping with this methodology the
addition of a chlorine contact basin (CCB) has been proposed for the Perdue WTP
Upgrades Project.  The CCT has been used successfully in other local treatment plants
as both a chemical disinfection facility and a backup facility in the event of a primary
disinfectant failure.  A CCT for Perdue would need to be proven after construction with a
simple dye test to establish a T10/T value.  This value will determine the efficiency of the
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facility and thus the possible chemical disinfection credit that could be allowed for the
normal and emergency use of the CCT.

In addition to the CCT the Perdue plant may also be granted disinfection credit by use of
chemical contact time through the existing or future Clearwell.  The existing clearwell is
baffled and has been given a T10/T value of 0.7.  Future plant configurations will impact
the ultimate detention time of the clearwell as the stored volume in the clearwell will be
reduced due to lower hydraulic grade lines.  This issue will also impact any future
clearwell replacement projects as well.
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CHAPTER 4 – PROCESS DESIGN CRITERIA

4.1 INTRODUCTION

The purpose of this chapter is to establish the design criteria and sizing requirements for
potential process and facility upgrades at the Perdue WTP.  The sizing of new facilities must
consider the current capacity rating of 30 mgd, as well as a future rating of 40 mgd or 50 mgd.

4.2 CHEMICAL FEED SYSTEMS

The existing chemical feed and storage facilities will require some level of upgrade to support
the proposed plant upgrades, enhance plant operations, and improve safety.  New and
expanded chemical feed systems will include:

•  Ferric chloride (for enhanced or optimized coagulation)
•  Chlorine dioxide (ClO2)
•  Sulfuric acid
•  Caustic Soda
•  Polymers

A brief description of the work required for the first two systems is included below.  Details on
the last three will be provided following the on-going testing program at the 10% design
submittal.

4.2.1 Ferric Chloride

The existing ferric chloride feed and storage facility includes one (1) 10,000 gallon fiberglass
storage tank and two (2) chemical feeders capable of delivering a maximum feed rate of 150
gallons per hour.

To practice enhanced coagulation, a second storage tank will be required.  The existing seven
(7) foot diameter, 2,000 gallon spare chemical storage tank can be replaced with a ten (10) foot
diameter tank in the same footprint, providing an additional storage volume of 10,000 gallons.
The existing chemical feeders should be replaced with new feeders sized for the maximum
dosage rate at a plant flow of 50 mgd.  At the enhanced coagulation dose rate ferric deliveries
will need to be made approximately once every 5 days during maximum plant flow.  If the plant
is not expanded (remains at 30 mgd) or is expanded only to 40 mgd, the delivery times would
be 8 days and 6 days respectively.  If these durations are not adequate, then consideration will
have to be given to a new chemical storage tank farm and feed building.

Table 4-1
Ferric Chloride Dose Rates

Plant Operating Conditions Average Ferric Chloride
Dose Range (ppm)

Feed Rate (gph) at Max
Dose and 50 mgd

Current Plant Operation 8 - 10 50
Optimized Coagulation Operation 25 - 28 139
Enhanced Coagulation Operation 32 - 35 174
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These dose rates are based on past experience with full-scale plant testing on current SWA
reservoir water.  These rates may vary depending on source water quality at any give time.

4.2.2 Chlorine Dioxide

As a primary disinfectant, ClO2 is considered to be a viable alternative for reducing disinfection
by-products (DBPs) associated with the use of chlorine in meeting current and proposed
Trihalomethanes (THM) regulations. The effectiveness of ClO2 at reducing chlorination by-
products and precursors, while achieving disinfection goals and without producing undesirable
amounts of associated regulated by-products (chlorite and chlorate), is highly source water
specific.

As a pre-oxidant, ClO2  has been shown to be effective in limiting the formation of disinfection
by-products and controlling taste and odor.  The Perdue WTP currently uses potassium
permanganate (KMnO4) as a pre-oxidant for local raw water.

The use of ClO2 as a pre-oxidant before coagulation, flocculation, and sedimentation is
expected to have some or all of the following benefits:

•  Oxidation of some taste- and odor-causing compounds,
•  Oxidation of iron and manganese,
•  Reduction of algae in the flocculation and sedimentation basins,
•  Reduction of color associated with the use of potassium permanganate,
•  Improvement in filter performance by reducing manganese loading caused by the use of

KMnO4, and
•  Reduction of chlorine demand and THM formation potential.

The use of chlorine dioxide will require the installation of a new chemical tank for storage of
sodium chlorite.  Chlorine dioxide can be generated from a combination of sodium chlorite and
chlorine gas or from just sodium chlorite if gas is not available.  SWA will commenced full plant
scale testing of Chlorine dioxide depending on results of these tests storage and dose rates will
be determined.  Thirty (30) days of storage will be provided at the maximum anticipated dosage
rate at a plant flow of 50 mgd.

4.2.3 Sodium Hypochlorite

New chemical systems that will replace existing chemical facilities include:

•  Sodium hypochlorite in place of gas chlorine

The primary reason for considering the change from chlorine gas to sodium hypochlorite is
safety.   The hazards from exposure to chlorine vapor and/or liquid are well documented and
are described by White (1998) in his "Handbook of Chlorination and Alternative Disinfectants."
According to White, some of the worst chlorine spills have occurred during the transport of
chlorine in tank cars and tank trucks.

Although a catastrophic release such as the release of an entire 1-ton cylinder has never
occurred at the Perdue WTP, minor releases are common when changing out cylinders.
Unfortunately, since September 11, 2001, another reason for the recent interest in converting to
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sodium hypochlorite, and maybe the most significant, is the possibility of an intentional release
due to terrorism.  Thus, many large U.S. water treatment plants are considering or have already
converted to the use of sodium hypochlorite to reduce their potential as a terrorist target.

Sodium hypochlorite easily lends itself to automation since it is stored and fed as a liquid.
Chlorine scrubbers and a Risk Management Plan are not needed.  Also, because it is a liquid,
containment and cleanup of sodium hypochlorite is easier and not as much personal protective
gear is necessary.  Sodium hypochlorite can be generated on-site or delivered in bulk as a
solution.  Typically, onsite generation is better for small plants due to the low solution strength
which can be generated.

The strength of sodium hypochlorite is typically expressed in terms of its available chlorine
content as "trade percent."  Commercially available sodium hypochlorite solutions are produced
having a trade percent of between 10-15%.  Locally available suppliers in the southern
California area (Jones Chemical Co. and L.A. Chemical) provide a 12.5% hypochlorite solution.

Sodium hypochlorite is produced by the reaction of chlorine with caustic soda.  Typically, an
excess of caustic soda is used as a stabilizer to maintain solution strength.  The weight in terms
of lb/gal for a particular strength depends upon the amount of excess caustic used in the
manufacturing process and is therefore specified by the supplier.  Adapted from White (1998),
the approximate values of weights suitable for calculating dosages of sodium hypochlorite are
provided in the table below.

Table 4-2
Approximate Values of Weights Suitable for Calculating

Feed Rates of Sodium Hypochlorite

Trade %
Available Cl2

Approximate
S.G.* (@68oF)

Approximate
Weight (lb/gal)

Available Cl2
(lb/gal)

Gpd req'd to
Dose 1 mgd to

1.0 ppm
5.00 1.069 8.92 0.42 20.0
6.00 1.080 9.01 0.50 16.7
10.0 1.140 9.50 0.83 10.0
12.5 1.198 9.99 1.043 8.0
15.0 1.210 10.1 1.25 6.6

* S.G. will vary by manufacturer, depending upon the amount of caustic used in the production
process.

In addition to loss of chemical strength, which is of considerable significance, when hypochlorite
decays, chlorate ion (ClO3

-) is one of the principle byproducts formed.  Currently, chlorate is not
regulated by the United States Environmental Protection Agency (USEPA), but the state of
California has established a 0.8 mg/L action level.   Under the Stage 1 Disinfection By-Products
Rule, the USEPA has indicated its intention to set allowable limits on chlorate.  Therefore, levels
of this contaminant should be kept as low as possible.

There are three primary sources of chlorate in drinking water when sodium hypochlorite is used
as the chlorinating agent.  One source is from the raw water itself.  Raw water chlorate levels



PERDUE WTP MASTER PLAN

PAGE 4-4

should be monitored periodically to be factored into the finished water level predictions.  The
second possible source is the amount of chlorate formed during production of sodium
hypochloite.  The manufacturer can control the amount of chlorate in the final product by limiting
the final strength of the product, temperature of production, and controlling pH during reaction.
The third potential source of chlorate is due to decomposition of the chemical during on-site
storage.

Two (2) 15,000 gallon bulk storage tanks are recommended.  Day tanks are also recommended.
Two chemical feeders sized for the maximum dosage rate at a plant flow of 50 mgd will be
installed.  Transfer pumps will be needed to supply the day tanks.

It may be possible to use the existing chlorine room for use as a sodium hypochlorite storage
and feed facility.  This alternative has been reviewed and it was concluded that numerous
problems would be encountered in trying to convert the existing operating chlorine gas facility to
sodium hypochlorite.  Some of the potential problems include:

•  The new sodium hypochlorite system would require a secondary containment system,
which is not part of the current chlorine storage system.

•  Retrofit of the chlorine area would have to be performed in stages; the first of which is to
install a partial sodium hypochlorite storage and feed system while running the chlorine
gas system at reduced storage capacity; then, remove the remainder of the chlorine gas
storage and dosing system; and finally, complete construction of the sodium hypochlorite
system.

•  However, because the current chlorine room is a hazardous containment facility, it would
be extremely difficult to rehabilitate and construct sodium hypochlorite facilities in the
chlorine storage room while maintaining the containment requirements of the current
facility.

One possible solution would be to build a temporary sodium hypochlorite system and operate
under the reduced storage capacity while rehabilitating the existing chlorine storage room.
Once the rehabilitation was complete, the new chemical facilities could be built.

Constructing a new, permanent facility adjacent to the existing chlorine room is recommended.

4.2.4 Fluoride

Adding fluoride to the treated water at the Perdue WTP may be mandated in the near future.
For this reason it will be necessary to plan for and construct the hard facilities as appropriate for
the future addition of fluoride to treated water.  Fluoride facilities usually will include a bulk
chemical tank, day tank, metering pumps, control equipment, and a point of injection into the
flow stream.  For larger treatment facilities, such as Perdue, the chemical of choice is
hydrofluosilicic acid (HF) in 24% solution.  This chemical is readily available and is delivered in
4,000 gallon quantities.  The appearance of fluoride is identical to that of water and has no taste
or odor associated with it.  An alternative to HF is a sodium fluoride saturator system.  These
systems are generally more difficult to maintain and operate and will require the manual
handling of 50 pound bags of dry chemical.
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Standard fluoride facility design will require separate containment areas with special HF
resistant coatings for all tanks and concrete to reduce the risk of chemical/concrete reactions,
human contact, and uncontrolled spills.  Because fluoride is used to etch glass, the use of
fiberglass tanks for storage has not been recommended.  However, several large treatment
plants have used specially lined fiberglass tanks for several years now without leakage.
Alternatives to fiberglass include crosslinked polyethlyene, HDPE, or PVC lined tanks.  To
prevent the over feed of fluoride to the distribution system a day tank should be used with not
more than 2 days supply of chemical.  Metering pumps will need to be sized for both minimum
and maximum plant flow conditions, keeping in mind an optimal concentration of between 0.7
and 0.8 mg/L.  Background fluoride residual present in the raw water will need to be assessed
prior to design of the facilities.

Feeding HF to the treatment train has proven to be a particularly challenging issue because of
the presence of calcium in the water.  Fluoride will precipitate calcium out of water to form
deposits around the chemical injector.  These deposits will need to be cleaned periodically to
ensure appropriate dosing of chemical.  To eliminate this issue some facilities have diluted HF
with deionized water ahead of point of injection.  The location of the feed point will need to be
ahead of the chlorine contactor and before the injection of chlorine.  An alternative feed point
would be before the clearwell but mixing is generally not as good at this point in the process.
For further information refer to AWWA manual M4.

4.3 FLOCCULATION/SEDIMENTATION BASINS

The flocculation/sedimentation basins proposed for the Perdue WTP will be sized based on
either a plant flow of 40 or 50 mgd.  This flow rate will be divided evenly between two basins.
Each basin will also be designed to allow only half of the basin to be in service while the other
half is out of service.  This effectively provides four parallel basins in two separate structures.

Note:  Subsequent to the preparation of the draft of this document, SWA staff has determined
that the additional cost associated with constructing the basins based on a rating of 50 mgd is
nominal.  The basins will be constructed at 50 mgd whether the plant remains at 30 mgd, or is
expanded to either 40 or 50 mgd.

4.3.1 Flocculation Basins

Flocculation systems must be designed to create a gentle mixing process that maximizes the
contact of destabilized particles and builds settleable flocs.  Shear forces should be maintained
as constant as possible.  Key design considerations include the degree of mixing intensity as
measured by the mixing energy level, or G-value, mixing time, basin configuration, flocculator
type, and baffling layout.  The energy level should be tapered, that is, it should decrease
through each stage of flocculation.

The new flocculation basins will have four (4) chambers per stage, in parallel, and three (3)
stages per basin, for a total of twelve (12) chambers per basin.  Each stage will have a
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detention time of ten (10) minutes, or a total of thirty (30) minutes for flocculation contact time
per basin.  Each chamber will be equipped with vertical turbine flocculators driven by variable
speed motors.  Each stage of flocculation will be separated by baffle walls similar to that found
in the existing basins.  The 25 mgd size is shown in bold in Table 4-3 below, as that size has
been selected by SWA.  The net flocculation time for a operating capacity of 15 mgd and 20
mgd per basin is shown in the third and fourth columns in the event that the plant capacity is not
expanded or is expanded to 40 mgd.

Table 4-3
Flocculation Basin Design Parameters

Flow per Basin mgd 15.0 20.0 25.0
Number of Basins No. 2 2 2
Stages per Basin No. 3 3 3
Cells per Stage No. 4 4 4
Basin Length ft 18 18 18
Basin Width ft 17 17 17
Water Depth ft 18 18 18
Flocculation Time at Design Q minutes 50 37 30
Flocculator Type Vert. Turb. Vert. Turb. Vert. Turb.
Flocculator Drive Variable Variable Variable

4.3.2 Sedimentation Basins

Efficient sedimentation prior to filtration is an important step in the treatment process.  Effective
sedimentation must provide for uniform, steady flow and sufficient volume and surface area for
the settling of flocculated particles to take place.  The basic design criteria for sedimentation
basin design include surface loading (i.e., overflow rate), detention time, horizontal flow velocity,
and weir loading rate.  Table 4-4 below presents the effective design and loading rates for the
new sedimentation basins.  Each basin will be designed for 25 mgd (total capacity of 50 mgd)
using the criteria shown in the last (bold print) column of the table.  The effective operating rates
for no plant expansion (15 mgd per basin) and the 40 mgd plant (20 mgd per basin) are shown
the third and fourth columns of the table.
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Table 4-4
Sedimentation Basin Parameters

Flow per Basin mgd 15.0 20.0 25.0
Number of Basins No. 2 2 2
Basin Length ft 255 255 255
Basin Width ft 68 68 68
Water Depth ft 18 18 18
Detention Time at Q minutes 230.0 172.0 138.3
Surface Loading Rate gpm/sf 0.6 0.8 1.0
Horizontal Velocity ft/min 1.1 1.5 1.8
End Weir Loading Rate gpd/ft 220,450 293,930 367,412

The two new basins will be horizontal flow type with a center dividing wall in each basin, thereby
providing four parallel treatment trains and maintaining an optimal length to width ratio.

At expected peak operating flows of 30 to 40 mgd the surface loading rate is 0.6 to 0.8 gpm/sf.
Should the plant be expanded to 50 mgd, SWA has the option to install plates or tube settlers to
enhance the process.  The basin depth of 18 feet was selected to allow this conversion in the
future.

Designing the basins now for a loading rate of 0.5 gpm/sf would result in sedimentation basins
437 feet long rather than the 255 feet as proposed above.  The installation of plate or tube
settlers is a better option than a much larger basin at higher loading rates.

4.3.3 Sludge Collection System

The new flocculation/sedimentation basin will be designed for a chain and flight sludge
collection system.  The final depth of the basins will be selected to allow the possible future
addition of plate settlers within each basin.  These systems utilize plastic chains and fiberglass
sweeps and have shown to be easy to maintain and reliable to operate.  Because of the long
basin length, two cross collector are envisioned, one at the midpoint and one at the end of the
basin.

4.4 FILTERS

4.4.1 Existing Conditions

The original four (4) filters were placed into service more than 40 years ago.  Each filter has a
surface area of 1,170 square feet.  The filters are rated at 6.0 gpm/sf, with one filter out of
service for backwashing, and provide a plant rating of 30 mgd.  One new filter is required to
increase the plant capacity to 40 mgd; 50 mgd will require two filters.

The existing filter underdrain system consists of “Wheeler Ball” type false bottom underdrains
with support gravel.  The balls are made of porcelain and sit in a conical depression in the filter
floor.  Each depression, or cone, contains five spheres.  The spheres are arranged to reduce
the velocity of the backwash water and distribute the water uniformly over the entire bed.
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4.4.2 Rehabilitation and Upgrade of the Existing Four (4) Filters

An evaluation entitled “Filter Upgrade and Rehabilitation,” dated April 3, 1998 by Corrao-Brady
and Associates, addressed existing filter deficiencies and presented a recommended plan for
upgrading and rehabilitating the filters.  A number of these improvements were implemented in
1999.  The improvements involved the addition of filter to waste, new effluent flow meters,  new
electrically actuated filter valves and construction of the second wash water tank.  All other
proposed improvements were suspended pending the completion of this master plan evaluation.
The following additional recommendations were suggested in 1998.  This work will have to be
accomplished in the months from November to April during the construction of the project.

Underdrains/Filter Media

1. Underdrains:

a. The existing “Wheeler Ball” filter underdrain system in each filter will be replaced with a
membrane cap underdrain system ( IMS cap).

2. Filter Media:

a. All media should be removed to allow the new underdrains to be installed.  New sand
and anthracite will be placed after the underdrains are in place (no gravel layer is
required for the membrane cap).

Surface Wash/Backwash Operations

1. Surface Wash

a. It is recommended that an above surface type rotary agitator be installed to replace the
existing subsurface units.  An epoxy coating or other protective device (stainless steel
plate) should be considered at the locations where agitator water makes contact with
the filter concrete walls.  SWA is currently considering and testing different coating
systems.  If successful, a coating system would be applied to each filter as the
underdrains and media are replaced.

2. Washdown Filter Walls

a. A simple system of spray nozzles can be installed around the top of the interior filter
walls to wash the walls automatically before a backwash cycle is commenced.  The
water source can be supplied by the existing surface wash pump.

Structural/Corrosion

The 1998 report made note of structural corrosion in the filters.  As part of this master plan,
MWH was tasked with performing a site visit and visual investigation of the filters and
sedimentation basins.  This visual inspection was conducted and a memorandum was prepared
(see Appendix F).  Recommendations included on-going monitoring of the condition of the
concrete over time, and testing of two or more coating systems to evaluate effectiveness, ease
or difficulty of application and cost.   The test of coating has been schedule for late 2003.
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Construction of New Filters

One new filter will be needed to allow an expansion to 40 mgd.  A second additional filter will be
needed for an expansion to 50 mgd.  The new filters will be designed with the same filter
surface area as the original four filters, but the new filters will be deeper.  Filters will continue to
be operated at 6.0 gpm/sf.

4.5 ULTRAVIOLET (UV) DISINFECTION

Although the practice of disinfecting drinking water with the use of UV technology is not a new
application, only a small number of UV disinfection facilities are currently in service in municipal
potable water plants throughout the United States.  The majority of these facilities make use of
technology that UV manufacturers have developed in either Canada or Europe for similar
purposes.

UV technology for disinfection of drinking water is currently offered with four types of lamp
technology.   These technologies include the following characteristics:

TABLE 4-5
UV Technology Summary

Lamp Type/
Characteristic

Low Pressure Low Pressure/
High Intensity

Medium
Pressure

Pulse Lamps

Emission Monochromatic
(254 nm)

Monochromatic
(254 nm)

Polychromatic
(185-600 nm)

Polychromatic
(185-800 nm)

Mercury Vapor
Pressure (Pa) 0.1 – 1.0 0.2 – 2.0 50 – 300 NA

Operating Bulb
Temperature

30 – 50
Degrees C

60 – 100
Degrees C

600 – 900
Degrees C

10 – 100
Degrees C

Bulb Life >12,000 hrs 8,000 – 12,000
hrs

6,000 – 8,000
hrs >108 Pulses

For the purposes of the design for the WTP improvements, only systems with reactors that have
a capacity of a least 10 mgd per reactor will be considered.  There are a large number of
manufacturers that produce smaller reactors in the one mgd or less range.  However, because
of space constraints at the Perdue WTP site, and the potential maintenance issues involved
with having 35 to 50 reactors on line, it is reasonable to develop an optimal configuration to
include reactors with a minimum capacity of at least 10 mgd each.  Currently only three
manufacturers have 10 mgd reactors available.  Of these manufacturers only two of the four
types of lamp technology (low pressure/high intensity (LPHI) and medium pressure) are
represented.  Generally, the low pressure and pulse lamp technologies will require considerably
more bulbs than either of the other two technologies, and, hence, the greater number of
reactors required to treat high flow rates.

With the selection of technologies narrowed to two types, and three manufacturers able to
supply the desired reactor size, the selection is then based on other parameters.  Based on the
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design parameters shown in Table 4-6 below, the factor with the greatest impact on project
budget and operations is that of power consumption.

TABLE 4-6
UV Design Parameters

Design Parameter
Low Pressure/
High Intensity

Medium Pressure

Design Flow (mgd) 50 50
Flow Per Reactor (min mgd) 10 10
Number of Reactors Required 6 6
Number of standby units 1 1
Total # of Reactors 5 5
Dose @ end of bulb life 40 mJ/cm2 40 mJ/cm2

Spare capacity for future treatment Variable Variable
# of bulbs per reactor 60 8
Bulb Life (hours) 12,000 8,000
Percent transmittance 85% 85%

Anticipated Log Inactivation  - Cryptosporidium 2 2
Anticipated Log Inactivation  - Giardia 2 2
Power Level for desired Inactivation 80% 80%

Power per 10 mgd Reactor (kW) 25.2 84.6
Energy to Flow Ratio (KW/MGD) 1.9 6.8
Total Design Flow Power Requirements
(kW) (standby reactor off)

126 423

Peak Power Requirements (kW)
(all reactors on full power)

151 508

Limits of Harmonic Variance 5% 5%

The primary difference between the medium pressure and LPHI systems is the rate of power
draw to achieve the desired level of microorganism inactivation (40 mJ/cm2).  This power draw
is on the order of four (4) times greater for medium pressure, as it is for LPHI systems.  This
translates directly to power savings and lower electrical charges from San Diego Gas & Electric,
when using the LPHI system.

Aside from power consumption, other operations and maintenance (O&M) factors associated
with the LPHI system must be considered.  The LPHI system requires significantly more bulbs
than does the medium pressure system. However, the actual maintenance impact is
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insignificant since the bulbs in a LPHI system last longer and tend not to foul as often due to
water hardness.  Beyond these specific parameters, both systems are equally capable of
producing the desired inactivation levels.

Another issue relative to the operating costs of a UV drinking water system, which warrants
careful attention, is the ongoing legal issue of Calgon’s patent validity currently being addressed
in the U.S. court system. Calgon is asserting that the use of medium pressure UV (broad
spectrum light) for the inactivation of Cryptosporidium (Crypto) is a new concept, where
previous applications of UV intended to “kill” Crypto.  Calgon’s patent further describes the dose
to be between 10 and 175 mJ/cm2 to achieve the “inactivation” of Crypto.  The royalties that
Calgon is currently seeking for the use of this application is $15 per million gallons of treated
water.  This patent will apply to all users of UV systems.  What is not clear is whether or not the
LPHI systems are subject to the patent.  If the patent is found to be valid and the royalties are
enforced, based on an average annual flow rate of 22 mgd at the Perdue WTP, the Authority will
have to pay Calgon approximately $120,000 per year to operate the UV disinfection facility.

The UV disinfection system will be sized for LPHI equipment, per the design criteria
summarized in the table above.  These design criteria have been established to ensure that the
primary objective of meeting 2 log Crypto and 2 log Giardia and 0.5 log virus inactivation occur
even with the loss of an entire reactor.  To ensure an event such as this can be handled, several
factors of safety for the reactor and power supply will be designed into the entire UV disinfection
system.

The reactor safety factors will include specifying a delivered dose of 40 mJ/cm2 at a power
setting less than maximum power.  In this case, the power requirement will be 80 percent to
provide the delivered dose.  Another level of safety will be provided by specifying a lower
transmittance level than what will be expected in the filtered water at the plant.  Typical values
for filtered water, from water treatment plants, range from 90 to 95 percent transmittance.  For
the purposes of this design, specifying a transmittance of 85 percent provides another level of
safety.  A final level of safety will be achieved by specifying a dose greater than what will be
required for a 2 log inactivation of Crypto and Giardia.  Based on past studies, a 2 log Crypto
inactivation could be achieved with a dose of about 12 mJ/cm2 and a 2 log inactivation of
Giardia could be achieved with a dose of about 15 mJ/cm2.  Based on these dose values, if the
UV reactors were to run at a dose of 40 mJ/cm2, a safety factor of 2.5 will be achieved.  All of
these safety mechanisms, together, will provide an effective de-rating of each individual reactor,
from about 13.3 mgd capacity to about 10 mgd capacity.  Should one reactor fail, the power
level in the remaining reactors could then be raised immediately to compensate for the loss of
the failed reactor. Isolation valves will be designed to quickly close, in order to eliminate the
passage of any untreated water through the UV facility.

System redundancy or safety factors will be present in the form of standby units, much like a
pump station would have a standby pump.  For the Perdue WTP UV disinfection system, there
will be four (5) active reactors and one (1) standby reactor for the peak flow rate of 50 mgd. For
a 40 mgd facility the configuration would be the same with one less active reactor.

For the UV system to inactivate pathogens, there must be a constant reliable supply of power to
each reactor.  The very nature of UV disinfection requires a power supply that is completely
constant.  To provide this level of safety, the power supply will be comprised of three elements.
The day-to-day operation will be run off of the line power feed from San Diego Gas & Electric.
Backup power will be supplied in the event of a line power failure from an on-site emergency
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generator.  To provide truly uninterrupted power, it will be necessary to provide, as part of the
UV system, an Uninterruptible Power Supply (UPS) battery backup system.  The UPS system
will be required to come on line between the loss of line power and the startup of the emergency
generator.  For this reason, the UPS system will be constantly “hot” and will be capable of
powering the UV isolation valve operators as well as the UV reactors.

The final level of redundancy to provide an additional level of safety is the implementation of a
chlorine disinfection system immediately following the UV disinfection system.  Information on
the proposed chlorine disinfection strategy is summarized in the following section.

UV manufacturer reference material is included in Appendix G.

4.6 CHLORINE DISINFECTION

The current disinfection strategy employed at the Perdue WTP involves injection of free chlorine
at the intake tower, free chlorine contact time through the raw water pump station to the flash
mix channel, and the addition of ammonia at the flash mix channel.  Based on the available
monitoring results for DBPs in the plant effluent and distribution system, the Perdue WTP will
have difficulty complying with the proposed Stage 2 DBP Rule limits on DBPs, particularly
THMs, while treating Sweetwater Reservoir water using the current strategy.

SWA will need to develop a flexible disinfection strategy that is capable of meeting all State and
Federal microbial inactivation requirements and lowering disinfection by-products. SWA will
continue to use chlorine as the primary disinfectant for giardia and virus inactivation, but will
implement changes that will reduce the DBPs formed at the treatment plant.

The chlorine addition point will be moved from the lake intake tower to downstream of the filters,
in order to take advantage of the reduction of DBP precursors in the flocculation/sedimentation
and filtration processes. Chlorine dioxide, instead of chlorine and potassium permanganate, will
be evaluated for pre-oxidation of the raw water and reduction of free chlorine demand.  The
flocculation/sedimentation process will be upgraded, allowing for enhanced coagulation or
“optimized” coagulation for improved TOC and DBP precursor removal.

The location of the addition of free chlorine to the water is critical to meeting the regulatory
requirements.  The current practice at Perdue would tend to have higher DBP formation than
would a practice of dosing free chlorine following the filtration process.  With all of the proposed
treatment alternatives there are provisions for adding chlorine in a chlorine contactor basin
(CCB) to allow for control of contact time based on dose and plant flow rate.  The following table
summarizes the key design parameters necessary for design of an effective CCB.
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TABLE 4-7
Chlorine Contactor Design Parameters

Design Parameter Value
Design Contact Time 5 minutes
Number of Contactor Cells 2
Number of Passes per Cell 3
L:W ratio 33:1
Assumed T10/T 0.6
Minimum Temperature 10°C
Maximum pH 8.5
Baffling Required Yes

With the proposed upgrades, the Perdue WTP should be able meet and exceed all disinfection
requirements.  However, to further verify this statement it will be necessary to perform a series
of bench-scale tests and develop a disinfection profile of the selected treatment train.  The
disinfection profile should incorporate the proposed disinfection strategy and estimated
hydraulic conditions through the upgraded plant under peak flow and extreme temperature
(10°C) and pH (8.5) conditions, as specified by DHS.

The use of chlorine dioxide for pre-oxidation has been shown to be effective at reducing the
formation of DBPs by free chlorine at other plants in California and will be evaluated at the full-
scale Perdue WTP.  Additionally, a bench-scale evaluation of chlorine dioxide will be performed
on a blend of local waters that represents the “worst case” local water that the Perdue WTP
expects to treat.  This testing will quantify the effects of the proposed plant upgrades, with and
without chlorine dioxide, on expected THM levels.

4.6 CLEARWELL

The Perdue WTP clearwell has been in operation since the original plant was constructed in
1960.  This 10 MG clearwell is trapezoidal in cross section and has a metal roof with a gunite
side slope and floor.  Past inspections of the clearwell have shown that there are or have been
leaks in the floor system.   Portions of the roof have been replaced due to past corrosion issues.
The remaining useful life of the facility is uncertain.  Generally the concrete columns and steel
structural members supporting the roof are in good condition.  However, the structure was not
designed for today’s seismic requirements.

Future hydraulics through the plant will also impact any new clearwell construction.  As long as
SWA intends to keep the existing filters and to allow for adding U.V. disinfection after the filters,
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the high water level, and thus the volume, in the clearwell will be impacted.  The floor elevation
is also fixed, as the outlet pipeline crosses a portion of the dam.  This limits the floor elevation of
the clearwell to elevation 250’ msl or higher.

There are two different methods available to replace the existing clearwell.  The first method is
to demolish the existing clearwell and build the new facility in the same location as the existing.
This method is dependant on the use of a smaller interim storage facility to maintain distribution
system head requirements while the new clearwell is constructed.  The advantage of this
method is that it is the least expensive of the two methods since no new excavation is required
for a new clearwell.  However, during the construction period there will be very little effective
storage at the plant and the impact on plant operations could be significant for a period of time.

The second method of replacing the clearwell is to do the replacement in phases.  The phasing
of the storage volume can be done in any increment that is desirable for operations.  However,
the first increment of any new facility will need to be built to the east of the existing facility and
will require a significant amount of excavation.  There will be little or no operation impacts to the
plant if this option is selected.

Both of these options will be further impacted by any hydraulic modification to the plant that is
done downstream of the existing filters.  The current plan is to provide a combined CCB and
new clearwell downstream of the filters. UV is not to be included in the initial project.
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CHAPTER 5 – SELECTED PROCESS TRAIN

5.1 CAPACITY ALTERNATIVES

Process design criteria for treatment have been described in detail in Chapter 4.  This
chapter will take these processes and put them together in alternative plans. The two
alternative plans are based upon capacity; the first is 40 mgd and the second is 50 mgd.
The selected alternative will need to be further refined in future planning and design
phases as a more detailed review of grading and site access issues can be completed.

5.2 SITE MASTER PLAN OPTIONS

Layout options have been prepared for 40 mgd and 50 mgd plant ratings.  These
alternatives are described below.   For reference purposes, the existing plant layout is
presented as Figure 5-1.

5.2.1 40 MGD Layout Alternative

The 40 mgd layout is presented on Figures 5-2 and 5-3.  This alternative provides a
plant with a peak capacity of 40 mgd of treated water.  At least two phases of
construction are anticipated.  The ultimate facility would include preoxidation in the form
of chlorine dioxide, pretreatment in the form of conventional flocculation/sedimentation
basins, upgrades to the existing filters, one new filter, UV disinfection facilities,
conversion to sodium hypochlorite, a chlorine contactor, residuals management facilities
and a new clearwell.  This alternative consists of the following elements:

•  Preoxidation would be done with Chlorine Dioxide (ClO2).  Chlorine Dioxide has
been used successfully in other surface water plants to effectively reduce DBP
precursors, thus lowering the THM levels in the treated water.  The intent with
this alternative is to dose ClO2 with a low enough dose that no residual would
exist, thus eliminating the formation of chlorite and chlorate.

•  Pretreatment would include the construction of two new
flocculation/sedimentation basins at a higher elevation than the existing units.
SWA has indicated that the basins will be based on a 50 mgd capacity. These
basins would then operate at 0.8 gpm/sf and a hydraulic detention time of more
than 170 minutes.  The existing basins would be decommissioned after the new
basins were operational.  The space that the existing basins occupy would be
reserved for future processes.

•  Performance/capacity upgrades to the existing filters.  The upgrades to the
existing filters would include the addition of a new filter cell, new underdrains and
media for the existing cells.  Filter loading rates would be approximately six (6)
gpm/sf with one filter out of service.  The plant layout shows five (5) filters with a
surface area of 1,170 square feet per filter.  The new filter design would allow for
a subsequent addition of a sixth filter for a future plant expansion.

•  UV, if selected, would follow the filters and would be capable of treating the
design flow with one reactor in standby
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•  A chlorine contactor (CCB) will follow the UV system.  This will provide the
disinfection redundancy that would be required by the local DHS authority in the
event of a UV failure.  Dose and free chlorine contact would be carefully
controlled, based on plant flow rates, to minimize DBP formation.  The contactor
would be divided into at least two chambers to provide the ability to take a portion
of the facility offline for maintenance.  For the initial phase project, it is anticipated
that the CCB will be constructed as part of the first phase of the clearwell

•  A new treated water reservoir (clearwell) will be constructed in two steps.  The
final capacity has not been determined. The first phase (Bay 1) will be built to the
east of the existing clearwell, the second step will be constructed where the
existing clearwell is now.  The clearwell outlet elevation will be maintained at the
current elevation of 249 feet msl.  However, because of the reduced hydraulic
gradient down stream of the existing filters due to the addition of UV and a
chlorine contact basin after filtration, the overall surface area will be much larger
than the existing to achieve the same 10 MG of storage.

•  Chemical facilities will be based on a 40 or 50 mgd plant loading rate.  Sodium
hypochlorite will be used in lieu of gas chlorine.  A new feed and storage facility
will be constructed for this new system.  It is assumed that chlorine gas cylinders
will not be used as part of the hypochlorite system. The existing chlorine building
can be converted to maintenance and storage.  An additional ferric chloride
storage tank will be installed within the existing bulk storage area.  New chemical
feeders will be provided to replace the existing feeders.  Chemicals for residual
solids management are included in their respective facilities.

•  Residual solids management facilities will consist of a new equalization basin,
solids contact clarification, and mechanical de-watering facilities.  Solids will be
trucked off-site for disposal.

•  Extending the filter backwash waste pipeline to move the discharge point farther
from the lake’s outlet tower will be evaluated during the design phase of the
project.

With the allowance for UV down stream of the existing filters, there is a significant loss of
hydraulic head in the hydraulic profile.  This loss of HGL would translate directly into
reduced storage volume in the existing clearwell.  To compensate for this, and maintain
the 10 MG of storage, it will be necessary to increase the footprint of a new clearwell.
However, an interim condition may exist when the new clearwell and the UV system
would not be constructed but the new CCB would be in service.  Under this condition it
would be acceptable to allow for the reduced storage volume in the clearwell.  Once a
decision is reached on the installation of a UV system, then a final decision would have
to be reached on the ultimate clearwell footprint and volume.

The initial phase of construction is anticipated to include:
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•  Two flocculation/sedimentation basins

•  One new filter

•  Upgrades to the existing four filters

•  New Sodium Hypochlorite facility

•  Chlorine Dioxide, sulfuric acid, PAC and caustic soda storage and feed

•  New Ferric Chloride storage

•  Combined CCB and Bay 1 of the clearwell

•  Extension of the sludge and filter waste wash water lines  to a discharge point
further east from the dam

Figure 5-2 shows the primary facilities anticipated in the initial phase construction
package for the 40 mgd alternative.

Figure 5-3 shows the facilities that would be constructed in subsequent phases.  These
include:

•  Expansion of the clearwell

•  The Residuals management facilities consisting of flow equalization, solids
contact clarifier and centrifuge building.

•  UV Disinfection

The location of facilities on the figure assumes chlorine contact basin is constructed in
the initial phase as part of Bay 1 of the clearwell and that Bay 2 of the new clearwell is
constructed in a subsequent project.  The first Bay is located east of the existing
clearwell and would be constructed while the existing clearwell remains in service.  Once
completed and put into service, the existing clearwell would be demolished and the
second bay of the new clearwell constructed in a portion of the space vacated by the
existing clearwell.  This leaves un-used space along the north and west sides of the new
clearwell.

The UV can be constructed along the north side of the expansion of the new clearwell (in
the area vacated by the existing clearwell) rather than in the location shown on the
figure.  This would result in some reduced costs for these facilities as piping runs are
shorter and less complex, and blasting and excavation would be minimized.

Another variation would be to construct the flow equalization tank (approximately 2
million gallons) of the residuals management system to use as a temporary clearwell.
This would allow the existing clearwell to be taken out of service and to have the new
clearwell built in a single phase and moved west to coincide with the line of the west wall
of the existing clearwell.  Again the construction costs for this variation should be less
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due to less blasting and excavation.  With the new clearwell in service the residuals
system can be completed and put into service.

Finally, this alternative can be expanded in the future.  Room has been left to add a sixth
filter.

5.2.2 50 mgd Layout Alternative

The 50 mgd layout option is presented on Figure 5-4 and 5-5.  This alternative assumes
that a decision has been made to go to the full 50 mgd capacity immediately, rather than
designing a facility for 40 mgd initially that is expandable to 50 mgd.

This alternative provides a plant with a peak capacity of 50 mgd.  At least two phases of
construction are anticipated.  The ultimate facility would include preoxidation in the form
of chlorine dioxide, pretreatment in the form of conventional flocculation/sedimentation
basins, upgrades to the existing filters, two new filters, UV disinfection facilities,
conversion to sodium hypochlorite, a chlorine contactor, residuals management facilities
and a new clearwell.  This alternative consists of the following elements:

•  Preoxidation would be done with Chlorine Dioxide (ClO2).

•  Pretreatment would include the construction of two new
flocculation/sedimentation basins at a higher elevation than the existing units.
These basins would be designed for 25 mgd each. The design is based on a
loading rate of 1.0 gpm/sf and a hydraulic detention time of 138 minutes. The
basin depth will allow future installation of tube or plate settlers to lower the
loading rate if operating experience proves the upgrade necessay. The existing
basins would be decommissioned after the new basins were operational.  The
space that the existing basins occupy would be reserved for future processes.

•  Performance/capacity upgrades to the existing filters.  The upgrades to the
existing filters would include the addition of a new filter cell, new underdrains and
media for the existing cells.  Filter loading rates would be approximately six (6)
gpm/sf with one filter out of service.  The plant layout shows six (6) filters with a
surface area of 1,170 square feet per filter.

•  A chlorine contactor (CCB) will be contained within the Bay 1 of the new
clearwell.  Dose and free chlorine contact would be carefully controlled, based on
plant flow rates, to minimize DBP formation.  The contactor would be divided into
at least two chambers to provide the ability to take a portion of the facility offline
for maintenance.

•  A treated water reservoir (clearwell) will be constructed in two steps (Bay 1 and
Bay 2).  The first step will be built to the east of the existing clearwell, the second
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step will be constructed where the existing clearwell is now.  The clearwell outlet
elevation will be maintained at the current elevation of 249 feet msl.  However,
because of the reduced hydraulic gradient down stream of the existing filters due
to the allowance for future UV after filtration, the total new capacity provided is
anticipated to be less than the current 10 mil gal.

•  Chemical facilities will be based on a 50 mgd plant loading rate.  Sodium
hypochlorite will be used in lieu of gas chlorine.  A new feed and storage facility
will be constructed for this new system.  The existing chlorine building can be
converted to maintenance and storage.  An additional ferric chloride storage tank
will be installed within the existing bulk storage area.  New chemical feeders will
be provided to replace the existing feeders.  Chemicals for residual solids
management are included in their respective facilities.

•  Residual solids management facilities capable of the equivalent of 50 mgd of
treatment capacity will consist of a new equalization basin, solids contact
clarification, and mechanical dewatering facilities.  Solids will be trucked off-site
for disposal.

The initial phase of construction is anticipated to include:

•  Two flocculation/sedimentation basins at 25 mgd each

•  Two new filters

•  Upgrades to the existing four filters

•  New Sodium Hypochlorite facitily

•  Chlorine Dioxide, sulfuric acid, and caustic soda feed and storage

•  New Ferric Chloride storage tank

•  Bay 1  of the clearwell with Chorine Contact Basin within

•  New pump station and piping to serve Otay WD

Figure 5-4 shows the primary facilities anticipated in the initial phase construction
package for the 50 mgd alternative.

Figure 5-5 shows the facilities that would be constructed in subsequent phases.  These
include:

•  Bay 2 of the  clearwell

•  The Residuals management facilities consisting of flow equalization, solids
contact clarifier and centrifuge building.

•  UV disinfection
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Another variation would be to construct the flow equalization tank (approximately 2
million gallons) of the residuals management system to use as a temporary clearwell.
This would allow the existing clearwell to be taken out of service and to have the new
clearwell built in a single phase and moved west to coincide with the line of the west wall
of the existing clearwell.  Again the construction costs for this variation should be less
due to less blasting and excavation.  With the new clearwell in service the residuals
system can be completed and put into service.

A process train schematic is included as Figure 5-6.  This figure relates directly to the 40
mgd alternative, but generally applies to the 50 mgd alternative as well.

5.3 HYDRAULIC PROFILES

An approximate hydraulic profile for the 40 mgd plant layout option is presented on
Figure 5-7.  As shown in Figure 5-2, the new basins will be constructed up the hill from
the existing basins.  The sedimentation basin effluent weir will be set at an elevation of
305 feet.  Imported water from SDCWA will be able to enter the plant via gravity.  The
existing raw water pump station will have a reduction in capacity due to the higher lift but
will still be able to deliver between 35 and 40 mgd under normal lake operating
conditions with all pumps running.

As the hydraulic profile illustrates, water will cascade from the basins to the existing
filters.  A throttling valve, near the filter structure, may need to be added to eliminate the
cascading that may lead to the break-up of pinpoint floc.

The allowance for UV and the CCB down stream of the existing filters also consumes
hydraulic head.  The result is a reduction of usable storage volume in the existing
clearwell due to the lower high water level.

The profile is minimally changed if and when the plant is expanded to 50 mgd.  A small
drop in the operating level of the existing clearwell will result, but other facilities will be
minimally affected.   The sedimentation basin profile will actually be lower if the third
basin is constructed, and only slightly higher if all flow is treated with just two basins.
Filters will be added when the plant is expanded to both 40 and 50 mgd, so the profile
across the filters will be unaffected.

5.4 PROBABLE CONSTRUCTION AND OPERATING COSTS

5.4.1 Probable Construction Costs

The capital costs for the preceding alternatives are presented in Table 5-1  These costs
were prepared using information from a variety of sources.  These sources include, but
are not limited to, similar plants in the San Diego area, hard bid figures from jobs with
similar technology, vendor quotes, quotes from contractors, and construction cost
estimates prepared by MWH for similar projects.  Where costs were used from other
areas of the country, these costs were converted to Los Angeles area dollars using the
appropriate ENR index.  Added to each process element are markups for the following:
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engineering at 18%, administration at 3%, and contingency at 25%.  The backup data
and calculations are provided in the appendix.

TABLE 5-1
Opinion of Probable Construction Costs

30 MGD 40 MGD 50 MGD
Chlorine Dioxide $325,000 $325,000 $325,000

2 New Floc/Sed Basins $5,260,000 $5,460,000 $5,660,000

Filter Concrete Recoating $970,000 $970,000 $970,000

Filter Modifications $2,440,000 $2,440,000 $2,440,000

New Filter Cell(s) $1,670,000 $3,340,000

Major Yard Piping Changes $1,860,000 $1,860,000 $1,860,000

Clearwell Replacement Bay1/CCB $6,000,000 $6,000,000 $6,000,000

Sodium Hypochlorite Facilities $278,000 $278,000 $278,000
Expanded Chemical Feed
Facilities $348,000 $348,000 $348,000

Miscellaneous unidentified $1,000,000 $1,000,000 $1,000,000

Initial PhaseTotal $18,481,000 $20,351,000 $22,221,000
All Phases Project Total $37,789,000 $40,079,000 $42,369,000

Note:  All Phases includes items in the Initial Phase plus mechanical dewatering, the second bay of the
clearwell, and UV disinfection.

5.4.2 Probable Operating Costs

The operating costs for the preceding alternatives are presented in Table 5-2.  These
costs represent cost to treat the raw water only.  They do not include the cost to pump
raw water out of the lake, nor do they include the cost to purchase raw or treated water
from either CWA aqueduct.  Estimates for labor and materials/supplies were taken from
the SWA 2000/2001 budget proposal and escalated by 4% per year to 2003 dollars.  For
the purposes of estimating labor costs for a 50 mgd plant, we have assumed that one
and a half additional persons will be added to the maintenance staff at the plant.
Estimates for unit processes were prepared from a combination of raw energy
consumption at $0.12 per KWhr, chemical consumption costs, actual operating cost from
plants with similar treatment processes, or vendor supplied costs that have been “reality”
checked.



PERDUE WTP MASTER PLAN

PAGE 5-8

TABLE 5-2
Opinion of Probable Operating Costs
Rough Order of Magnitude Estimates

Process Train Cost to Treat
2003 $/Acft

Existing Facility - 30 MGD Conventional Treatment $93.79
50 MGD Facility - Conventional Treatment $116.58
50 MGD Facility - Conventional Treatment w/ UV $129.46

Otay Water District (WD) demands are estimated to peak at 15 mgd with a peaking
factor of 2.4 the average daily demand is 6.25 mgd or 7,000 acre-ft per year.  For the
purposes of estimating cost the annual demand for the SWA system is 25,000 acre-ft
per year plus the 7000 acre-ft per year for the Otay WD.  Cost that include the Otay WD
demands to not including pumping cost or maintenance on the Otay WD transfer pump
station as these cost would be paid for directly by Otay WD.



PERDUE WTP MASTER PLAN

PAGE 6-1

CHAPTER 6 – DESIGN AND CONSTRUCTION SCHEDULE

The design and construction schedule for Phase 1 is presented on Figure 6-1.   Phase 1 is
defined at the facilities needed to achieve the 40 mgd plant rating.  The design phase is
expected to take one (1) calendar year.  The construction phase will take approximately twenty-
three (23) calendar months and would include the following:

•  Advertise, Bid and Award
•  Mobilization and Construction
•  Startup and Project Closeout

The critical path for the project will be the construction of the new flocculation and sedimentation
basins.  All other work activities such as construction of the new filter, rehabilitation of the
existing filters, and construction of the UV system and the chlorine contactor, are not linked to
the critical path.  Sequence of work issues will need to be carefully reviewed during predesign to
assure that the ability to reliably treat 30 mgd can be accommodated at all times.
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4.7 MEMBRANE MODULES

The use of membranes for water purification purposes is not a new technology.  Reverse Osmsis and
Nanofiltration membrane systems have generally required high pressure feed pumps to drive water through
the membranes while rejecting dissolved contaminants.  More recently, Micro- and Ultra-filtration
membrane technology has advanced to the point where relatively low pressures can be used to filter water
in a drinking water treatment plant.  Advances in technology not only allowed the operating costs for
membranes to be reduced but also allowed the capital cost to be reduced.  In light of these declining costs
membrane treatment for WTPs has become a viable alternative to meet disinfection and water quality
goals.

Current membrane systems can be divided into four categories according to the relative pore size of the
membrane material.  The categories are referred to, from largest pore size to smallest pore size, as
Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), and Reverse Osmosis (RO). Applications
that are useful to the Perdue WTP are generally in the MF and UF range. NF and RO membranes produce a
concentrate stream that contains the rejected salts and minerals.  The disposal of this saline concentrate
stream is a challenge for plants located inland, without access to ocean outfalls . Within MF and UF
categories are two specific types of systems.  The pressure driven systems and submerged systems.  The
differences between these systems are numerous.  Pressure driven systems have membrane elements
contained witin pressure housings with pressurized piping between each module. The feedwater flow can
move from inside the hollow fibers to the outside or from the outside of the fiber to the inside.  Submerged
membrane systems are generally composed of thousands of small membrane fibers that are placed in open
tanks and water moves from the outside-in.  For the purposes of this evaluation the primary focus will be
on the use of a submerged membrane system.

There are three types of submerged membranes available on the market today with California DHS
acceptance for meeting the surface water treatment rule.  They are the US Filter CMFS, the Zenon
ZeeWeed 500s and the Zenon ZeeWeed 1000s.  At this point only Zenon has installations in California, and
of these systems all are from the 500 series membranes.  The following table presents the approved DHS
rejection credit given to these membrane systems.

TABLE 4-X
DISINFECTION CREDIT TABLE(1)

Process Technology Virus Cryptosporidium Giardia
Submerged Membranes

Zenon Zeeweed
1000

3.5 4 4

Zenon Zeeweed 500 2 4 4
US Filter CMFS 0.5 4 4

1. Disinfection credits are expressed as a log reduction for each indicator organism.

While evaluating the potential applicability of membranes to meet the treatment goals of the Perdue WTP it
became clear that these membranes would be viable candidates.  However with all water treatment systems
there are advantages and disadvantages that must be considered.

The potential advantages and disadvantages associated with the use of membranes are summarized in the
following table.
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TABLE 4-X
MEMBRANE FILTRATION ADVANTAGES AND DISADVANTAGES

Advantages Disadvantages
No modifications to the existing floc/sed basins will
be required for the 30 or 45 mgd plant.

Provide little to no removal of dissolved organics

Maximizes the use of existing facilities Does not directly reduce the THM formation
potential in the finished water

Enhanced Coagulation is not mandated for
membrane plants under ESWTR

Some filter modifications will be required

Much less chemical consumption than other
disinfection systems considered

Dependent on Chlorine, Chlorine Dioxide, and
PAC for taste and odor reduction

May not need solids handling facilities due to the
reduced amount of chemical consumption

Replace ment of  membrane filters limited to a
single source manufacturer due to proprietary
nature of systems.

Can improve the hydraulic profile to allow for a
larger clearwell in a smaller footprint

Requires additional Plant Operator training

Modular expansion is possible to increase capacity
Consistently produces a low turbidity filtered water
independent of influent turbidity

When considering the disadvantages presented above the issue of THM formation potential must be
carefully considered.  Submerged membranes do not remove TOC or DOC present in the water.  However,
in this case the use of the Flocculation/Sedimentation basins will continue as a pretreatment to the
membrane systems.  The use of pretreatment ahead of membranes does provide some level of reduction in
the THM formation potential.  A bench scale testing program should be established to try and determine
what level of reduction can be expected.  This testing program should mirror as close as possible the
treatment train anticipated with the installation of membranes.  That is it should include a representative
raw water sample, the pretreatment scenario, the membranes, the chlorine contactor, and finally the
clearwell.  Short of pilot testing this method would provide the best results to better predict how much DBP
would be formed.

Two options for incorporating membranes into the treatment process are available.  The first option is to
add additional membrane cells at the site to hold the membrane modules in and convert the existing filters
to biologically active filters with GAC media.  This option would provide a treatment method to deal with
potential taste and odor episodes.  The second option is to use the existing filters by replacing the media
with the membrane modules.  This option provides the greatest use of existing facilities and will allow for
greater flexibility in the hydraulic profile down stream of the existing filter cells.  Of the membrane
systems available, the Zenon 1000s are the most amenable to existing filter retrofit situations.  In fact this
system has been specifically design for the retrofit application and operate hydraulically similar to gravity
filter operates.  As with all modular designs there exist the ability to turn off membrane trains based on end
used demand at any particular time, much like a pump station would operate.

Some modifications to the existing media filter cells will be required to accommodate the new membrane
modules.  These retrofits can be accomplished by taking one filter out of service at a time and completing
the membrane installation completely in that filter cell before moving on to the next filter cell.  These
retrofits would involve the following:

1. Remove all of the existing media leaving the underdrain system intact.
2. Blind flange the existing filter effluent pipe keeping the filter backwash line and valve in service.
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3. Hard pipe the filter influent to each individual bay rather than using the filter gullet and troughs for
distrubution.

4. Raise the filter troughs to maintain submergence on the membrane modules at all times.

Membrane design criteria for a submerged system should be rigorously developed during the preliminary
design phase.  As a starting point, the following parameters has been developed based on input from
internal membrane experts and equipment manufacturers.

TABLE 4-X
MEMBRANE SYSTEMS DESIGN PARAMETERS

Design Parameter Value
Configuration Outside-in Hollow Fiber
Trans Membrane Pressure (TMP) 12 psig max, 1-8 psig operating
Maximum Flux Rate 30 gfd or less depending on DHS approval
Average Flux Rate 15 gfd all trains in service
Chemical Cleaning Frequency > 30 days
Backpulse TMP 10 psig max
Air pressure for integrity testing 10 psig max
Water Temp Range 50 o F to 80 o F
Operating pH Range 5 – 8
Cleaning pH Range 2 – 9
Maximum concentration for Hypochlorite
cleaning

1,000 ppm

Minimum Water Recovery Factor 95%
Net Treated Water Output 30 mgd or 45 mgd
Turbidity and Particle Counters Continuous on-line monitoring required of

each cell

Based on the table above the average flux rate for the membranes with all trains in service has been set at
15 gfd.  This value is well below the DHS approved value of 30 gfd for the log reduction credits given
earlier in this section.  The purpose of reducing or derating the flux rate for these systems is not to gain
additional disinfection credit but to ensure that the chemical cleaning frequency for these systems is at least
greater than the 30 days established as a guideline.  In addition SWA may realize a savings in operating
cost due to reduced backpulsing, membrane chemical cleaning, air scouring, and getting more than 10 years
of service out of the membrane modules.  By not continuously pushing the membrane modules to their
maximum flux rate it is anticipated that the membranes will perform more consistently for a longer
duration and see much less stress on the membrane fibers.  Another benefit that can be realized by initially
derating the membrane flux rate is that SWA will have a greater degree of flexibility to increase flows
during emergencies.  In addition this provides the ability to intermittently test membrane performance at
higher flux rates in the event that the plant is upgraded from 30 mgd to 45 mgd.

Using the 15 gfd flux rate and equipping all of the filter cells with the maximum number of membranes the
Perdue WTP would be capable of producing 37.5 mgd of treated water.  Again this value could go higher
depending on the system performance over an extended period of time.  The configuration of the cells
would include the following break down:

•  4 filter cells with 2 bays per cell (train)
•  Each train would have 9 (+1 spare) membrane cassettes
•  Each cassette would have 87 membrane elements
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The train dimensions would then be 30.5 ft long, 15.5 ft wide and 9ft high.

FIGURE 4-X
PLAN VIEW OF FILTER CELL WITH MEMBRANE MODULES

As part of the EPA and DHS multiple barrier approach to water treatment, additional redundant
disinfection facilities will be required.  To accomplish this other disinfection methods such as ozone, UV,
and chlorine have been discussed in this chapter.  Please refer to these sections for specific details.

Filter Bay/Train

Center Gullet

Cassettes



APPENDIX C



Page 1 of 3

M  E  M  O  R  A  N  D  U  M

To: Jim Smyth Date: July 7, 2003

From: Bill Moser
Reference: 1430474

Subject: Peer Review Panel Recommendations – Revision 1

Sweetwater Authority met with MWH and a Peer Review Panel on June 6, 2003 to review the
treatment process options proposed by MWH and SWA for the Perdue WTP.  The Peer Review
Panel included the following members:

Issam Najm, Ph.D., P.E.         Water Quality and Treatment Solutions, Inc. (WQTS)

William Bellamy, Ph.D., P.E.         CH2MHILL

Jamal Awad, Ph.D., P.E.         CH2MHILL

This memorandum summarizes the recommendations of the Peer Review Panel, which consisted
of two alternative “Phase 1” projects to meet SWA’s water quality objectives and a construction
budget of $22M, as well as bench and pilot scale testing related to these trains.  SWA’s water
quality objectives for the Perdue WTP Upgrades include the following:

•  Comply with all current and proposed state and federal drinking water regulations while
treating 100 % local water

•  Reduce plant effluent THM and HAA levels to at least 30% below the future LRAA levels of
80 and 60 µg/L, respectively

•  Meet Stage 2 DBP enhanced coagulation TOC removal requirements when SUVA exemption
not possible or gain exemption from enhanced coagulation by using a membrane filtration
technology

•  Improve treated water aesthetics (taste, odor, and color) and have the capability of reducing
MIB and Geosmin levels to below typical human sensitivity thresholds

The following is MWH’s interpretation of the CH2MHILL and WQTS recommendations only,
and does not attempt to capture the thought process behind these recommendations.  CH2MHILL
and WQTS have commented on this memorandum and their comments are attached.  Not all
comments have been incorporated into the final document.

CH2MHILL Recommendations

Based on the SWA objectives stated above, the Phase 1 project recommended by CH2MHILL
can be summarized as follows:

1. Upgrades to flocculation/sedimentation process to meet enhanced coagulation requirements
or to achieve “optimized” coagulation for TOC and THM reduction. The suggested upgrades
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may either consist of a third basin in parallel or new facilities at higher grade. Recommend a
bench-scale optimized coagulation exercise; i.e., what is the pH and coagulant dose necessary
to meet the Stage 2 DBPR.  The target for the bench-scale testing should be a TOC of
approximately 1.5 mg/L or less.

2. Addition of powdered activated carbon (PAC) for control of intermittent MIB/geosmin
episodes.  PAC addition may also be used to help control DBPs during periods of elevated
TOC.

3. Use of chlorine dioxide for pre-oxidation (or for primary disinfection depending on results of
bench- and full-scale testing)

4. Use of free chlorine contact for required DHS redundancy in virus and/or giardia
inactivation.  Design contact times are dependent on results of bench-scale simulated
distribution system testing.

5. Addition of UV treatment downstream of filtration for giardia and cryptosporidium
inactivation and to reduce DBP formation by decreasing the free chlorine dose and/or contact
time necessary for disinfection.

6. Addition of solids handling facilities

CH2MHILL also suggested a possible future upgrade to membrane filtration, but not as part of
the Phase 1 project.

WQTS Recommendations

The Phase 1 project recommended by WQTS can be summarized as follows:

1. Replacement of existing filters with membrane filters (either submerged system or pressure
vessels)

2. Addition of powdered activated carbon (PAC) for control of intermittent MIB/geosmin
episodes.

3. Use of chlorine dioxide for pre-oxidation (or for primary disinfection depending on results of
bench- and full-scale testing)

4. Use of free chlorine contact for required DHS redundancy in virus and/or giardia
inactivation.  Design contact times are dependent on results of bench-scale simulated
distribution system testing.

Dr. Najm suggests that pre-treatment upgrades for increased TOC removal should be considered
in future phases, depending on the performance of the plant and THM formation with membranes
and chlorine dioxide.

Testing Recommendations

There was general agreement from all peer reviewers that additional bench-scale, pilot-scale,
and/or full-scale testing should be performed. As the waters tested previously may not represent
the “worst case” blend of local water sources in terms of THM formation, the following bench-
scale testing on a representative composite sample is needed, regardless of which Phase 1 project
is selected (i.e., the CH2MHILL or the WQTS recommendation):
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•  Coagulation jar testing using ferric chloride and acid to determine enhanced coagulation
dosing and “optimized” dosing conditions for TOC removal and THM reduction.  This
should be coupled with the THM formation testing.

•  Chlorine dioxide demand/decay testing and estimation of chlorite and chlorate production.

•  THM formation and simulated distribution system testing on the chlorine dioxide treated,
settled, filtered water

If membranes are selected, the following testing is recommended:

•  Pilot testing of the membranes on the Perdue WTP influent to determine acceptable operating
fluxes and optimal operating conditions.

•  Bench-scale THM formation testing on “worst case” water following chlorine dioxide
treatment, flocculation/sedimentation, and simulated membrane filtration

In an attempt to isolate the causes of high distribution system THM levels, the panel suggested
gathering several samples of the chloraminated plant effluent and performing bench-scale
simulated distribution system testing.  The samples should be stored for various periods (1, 2, 3,
up to seven days), after which THMs are measured and compared to distribution system THM
results. This testing would show if THM formation is continuing after ammonia addition, or if
there is something going on in the distribution system that needs to be studied.

Special Notation

SWA staff subsequently met and determined that the preferred approach for the project is to be
new flocculation/sedimentation basins with the capability to add UV.  Membranes are no longer
under consideration.



----- Forwarded by William H Moser/User/Americas/Montgomery Watson on
06/30/2003 11:40 AM -----

"Jim Smyth" <jsmyth@sweetwater.org>
06/30/2003 11:27 AM

 To: <William.H.Moser@us.mwhglobal.com>
 cc:
 Subject: Comments from WQTS

comments to your 6/11/03 memo of the 6/06 meeting.  I held these until I
received CH2M Hill's for total review. I believe Issam has good comments
but I'm not sure how to incorporate them. Look for another email with
CH's comments.

James Smyth
619-409-6750
----- Message from "Issam Najm" <issam.najm@wqts.com> on Mon, 23 Jun 2003
17:09:35 -0700 -----
To: "Jim Smyth" <jsmyth@sweetwater.org>
cc: "Bill Barsch" <bbarsch@sweetwater.org>, "Don Thomson"
<dthomson@sweetwater.org>, "Mary Ann Mann" <mmann@sweetwater.org>,
"Mark
Rogers" <mrogers@sweetwater.org>, "Bill Bellamy" <wbellamy@CH2M.com>,
<Jamal.Awad@ch2m.com>, "Issam Najm" <issam.najm@wqts.com>
Subject: RE: Meeting Notes
Jim - I reviewed the document prepared by MWH, and I do want to clarify a
few things:

The recommendations seem to be stated as "black-and-white", when I don't
see them that way.  My point about replacing the filters with membranes
was driven by two things that I heard at the meeting:  First, that the
structures are nearing the end of their life, and second, that membranes
would resolve significant hydraulic constraints at the plant.  However, I
have since learned that you have recently made some significant
improvements to the filters that probably increased their life by several
years.  If this is true, then it certainly reduces the case for
membranes.  Here are some points to consider:
1. Considering that the use of membranes would still have to be coupled
with the need for 0.5-log Giardia disinfection with a chemical
disinfectant, then there is no "regulatory" benefit to membrane filtration
compared to media filtration.  I say "regulatory" benefit because, whereas
membranes are given the same removal credit as filters, they achieve far
better removal of all pathogens compared to media filters.  Therefore,
membranes do provide you with a far higher degree of public health
protection compared to media filters regardless of what "credit" EPA or



the State will give you for that protection.  There is precious public
health value to that added protection, regardless of its "regulatory"
value.
2. Furthermore, membranes may allow you to keep the the loading rate on
the sedimentation basins as high as it is now because the turbidity impact
on the membranes is not as significant as it is on media filters.  This
will have to receive State approval, but it is just another thing to
consider when deciding between membranes and filters.
3. If membranes are not used and you keep the media filters, the plant
would have to practice enhanced coagulation.  This means more chemical
usage and more sludge production.  Is this doable?  I am sure the answer
is: YES.  As Bill Bellamy noted, there are plants in other parts of the
country that add much more coagulant chemicals than you do, and they
consider it the norm.  However, having visited the plant site myself
before, the idea of increased chemical deliveries and increased sludge
production just does not seem to be a desirable practice.  However, before
I can really make such a statement, one has to obviously ask the
question:  how much additional chemical usage and sludge production would
you have to deal with.  If the increase is not significant, then this is
not much of an issue.
4. The use of membrane filtration would exempt you from having to practice
enhanced coagulation at the plant.  This will reduce your chemical use and
sludge production, but will not help you reduce THM formation, especially
if you back off from your current coagulant dose.
5. If THM formation is to be reduced without enhanced coagulation, it can
only be accomplished by reducing the free chlorine contact time at the
plant.  This means that either chlorine dioxide or UV will have to be used
to meet the Giardia disinfection requirements of the Surface Water
Treatment Rule.
6. At this time, chlorine dioxide is viable, but it forms its own
by-products (Chlorite & Chlorate).  There is a primary MCL for chlorite
and a California action level for chlorate.  Controlling these by-products
has to be addressed before chlorine dioxide can be implemented.
7. UV is an "easy way out" because it will meet the Giardia disinfection
requirements without forming any known by-products.  It also provides you
none of the benefits of oxidation that chlorine, chlorine dioxide, or
ozone do.  Cost wise, it is quite economical.  By the time you finish
construction, the UV "IT" tables will have been publised by the USEPA as
part of the Long-Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR).
8. Finally, please keep in mind that with membranes or filters, the only
option you have for T&O control at this time is powdered activated carbon
addition.
So... what does all this mean?  I guess I am trying to walk you the
thought-process and issues I consider when trying to make a recommendation
like this.  There are several factors at play that are process-related,
and others that deal with completely non-technical issues.  All these



factors have to be considered, in addition to the price tag for each
option.  I don't think there is a right and wrong decision here... That is
why I say this is not a black-and-white issue as implied by MWH's
memorandum.

My bottomline recommendation is for MWH to evaluate two distinct options:
One with membranes and one without membranes, and help you put your arms
around all the issues associated with each option.  The issues should
cover the impact on regulatory compliance, T&O control, other processes,
sludge production, chemical usage, hydraulic profile, future expansion
options, and, of course, cost. Many of the issues of significance are
outlined above.

I hope this is of help.

Issam

-----Original Message-----
From: Jim Smyth [mailto:jsmyth@sweetwater.org]
Sent: Monday, June 23, 2003 10:18 AM
To: Jamal.Awad@ch2m.com; issam.najm@wqts.com
Cc: Bill Barsch; Don Thomson; Mary Ann Mann; Mark Rogers
Subject: Meeting Notes

Please review the attached and let me know if there are any corrections
or additions.



M  E  M  O  R  A  N  D  U  M

To: Jim Smyth Date: June 11,2003

From: Bill Moser
Reference: 1430474

Subject: Peer Review Panel Recommendations

Sweetwater Authority met with MWH and a Peer Review Panel on June 6, 2003 to review the
treatment process options proposed by MWH and SWA for the Perdue WTP.  The Peer Review
Panel included the following members:

Issam Najm, Ph.D., P.E.         Water Quality and Treatment Solutions, Inc. (WQTS)

William Bellamy, Ph.D., P.E.         CH2MHILL

Jamal Awad, Ph.D., P.E.         CH2MHILL

This memorandum summarizes the recommendations of the Peer Review Panel, which consisted
of two alternative “Phase 1” projects to meet SWA’s water quality objectives IT WOULD BE
BENEFICIAL TO STATE THESE OBJECTIVES AND PROJECT CONSTRAINTS.  THE
OBJECTIVES WILL DICTATE THE PROCESS SELECTION.  WITHOUT BRIDGING
PROJECT OBJECTICES AND CONSTRAINTS WITH PROCESS SELECTION, THIS
DISCUSSION WOULD LOSE ITS BENEFIT.  and a construction budget of $22M, as well as
bench and pilot scale testing related to these trains.

CH2MHILL Recommendations

The Phase 1 project recommended by CH2MHILL can be summarized as follows:

1. Upgrades to flocculation/sedimentation process to meet enhanced coagulation requirements
or to achieve “optimized” coagulation for TOC and THM reduction.  THIS IS BASED ON
THE WATER QUALITY OBJECTIVES PRESENTED IN THE WORKSHOP.  OUR
RECOMMENDATIONS WERE TOTALLY BASED ON OUR UNDERSTANDING OF
THE OBJECTIVES DISCUSSED DURING THE WORKSHOP.  The suggested upgrades
may either consist of a third high-rate basin in parallel or new high-rate facilities at higher
grade. THIS IS NOT TO BE AN "ENHANCED COAGULATION EXERCISE,  IT IS AN
OPTIMIZED COAGULATION EXERCISE, I.E., WHAT IS THE PH AND COAGULANT
DOESE NECESSARY TO MEET THE STAGE 2 DBPR.   THE TARGET FOR BENCH
SCALE TESTING SHOULD BE A TOC OF APPROXIMATELY 1.5 OR LESS.  ONCE
THIS DATA IS IN (E.G, ACID, COAG, BASE) A COST ESTIMATE CAN BE MADE TO
COMPARE TO OTHER OPTIONS.

2. Addition of powdered activated carbon (PAC) for control of intermittent MIB/geosmin
episodes.ALSO FOR CONTROL OF DBPS IF THERE ARE SOME TOC SPIKES.
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3. Use of chlorine dioxide for pre-oxidation (or for primary disinfection depending on results of
bench- and full-scale testing)

4. Use of free chlorine contact for required DHS redundancy in virus and/or giardia
inactivation.  Design contact times are dependent on results of bench-scale simulated
distribution system testing.

5. Addition of UV treatment downstream of filtration for giardia and cryptosporidium
inactivation TO HELP CONTROL DBPS BY REDUCING THE TIME FOR FREE
CHLORINE.   THIS IS NOT JUST FOR DISINFECTION.

6. Addition of solids handling facilities

CH2MHILL also suggested a possible future upgrade to membrane filtration, but not as part of
the Phase 1 project.

WQTS Recommendations

The Phase 1 project recommended by Issam Najm can be summarized as follows:

1. Replacement of existing filters with membrane filters (either submerged system or pressure
vessels)

2. Addition of powdered activated carbon (PAC) for control of intermittent MIB/geosmin
episodes.

3. Use of chlorine dioxide for pre-oxidation (or for primary disinfection depending on results of
bench- and full-scale testing)

4. Use of free chlorine contact for required DHS redundancy in virus and/or giardia
inactivation.  Design contact times are dependent on results of bench-scale simulated
distribution system testing.

Dr. Najm suggests that pre-treatment upgrades for increased TOC removal should be considered
in future phases, depending on the performance of the plant and THM formation with membranes
and chlorine dioxide.

Testing Recommendations

There was general agreement from all peer reviewers that additional bench-scale, pilot-scale,
and/or full-scale testing should be performed.  IT WOULD STILL BE A GOOD IDEA TO DO
THIS TESTING AFTER A COST BENEFIT ANALYSIS IS COMPETED.  FOR EXAMPLE,
THE COST FOR A MEMBRANE OPTION MAY NOT BE FINANCIALLY
IMPLEMENTABLE, SO TESTING SHOULD ONLY BE COMPLETED ON THOSE
OPTIONS THAT CAN DEFINITELY BE IMPLEMENTED.
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As the waters tested previously may not represent the “worst case” blend of local water sources
in terms of THM formation, the following bench-scale testing on a representative composite
sample is needed, regardless of which Phase 1 project is selected (i.e., the CH2MHILL or the
WQTS recommendation):

•  Coagulation jar testing using ferric chloride and acid to determine enhanced coagulation
dosing and “optimized” dosing conditions for TOC removal and THM reduction.  This
should be coupled with the THM formation testing

•  Chlorine dioxide demand/decay testing and evaluation of ferrous ion for control of chlorite
and chlorate  FERROUS TESTING IS NOT NECESSARY UNLESS IT IS DETERMINED
THAT CLO2 IS GOING TO BE USED FOR DISINFECTION.  EVEN THEN, THE DOSE
CAN BE ESTIMATED BY EXPERIENCE.

•  THM formation and simulated distribution system testing on the chlorine dioxide treated,
settled, filtered water

If membranes are selected, the following testing is recommended:

•  Pilot testing of the membranes on the Perdue WTP influent to determine acceptable operating
fluxes and optimal operating conditions.  THERE IS ENOUGH EXPERIENCE TO
PREDICT INITIAL SIZING REQUIREMENTS.  PILOT TESTING CAN BE DONE FOR
CONFIRMATION PURPOSES AND AFTER THE COST BENEFIT ANALYSIS HAS
INDICATED THAT THE TREATMENT PROCESS IS A VIABLE OPTION.

•  Bench-scale THM formation testing on “worst case” water following chlorine dioxide
treatment, flocculation/sedimentation, and simulated membrane filtration

Additionally, the panel agreed with the MWH recommendation for full-scale evaluation of
chlorine dioxide. I DO NOT REMEMBER THE DISCUSSION ABOUT THIS SUBJECT.
FULL-SCALE TESTING WOULD BE RECOMMENDED ONCE THE COST BENEFIT
ANALYSIS AND BENCH SCALE RESULTS SUPPORT THE PROCESS SELECTION.

In an attempt to isolate the causes of high distribution system THM levels, the panel suggested
gathering several samples of the settled water from the full-scale plant and performing bench-
scale simulated distribution system testing.  This would show if THM formation is continuing
after ammonia addition.  WE SUGGESTED THAT CHLORAMINATED WATER LEAVING
THE PLANT BE COLLECTED AND STORED FOR 1, 2, 3 UP TO 7 DAYS AND THE THMS
BE MEASURED AND COMPARED TO DISTRIBUTION RESULTS.  THE RESULTS
SHOULD BE THE SAME FOR APPROXIMATELY THE SAME DETENTION TIMES. IF
NOT THERE IS SOMETHING GOING ON IN THE DISTRIBUTION SYSTEM THAT
NEEDS TO BE STUDIED.
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OTAY WATER DISTRICT TRANSFER PUMP STATION

The Otay Water District (OWD) has contacted SWA to assess the impact of providing
potable water service to OWD from the Perdue plant.  For this effort MWH has assumed
that the OWD would take up to 10 mgd from an expanded Perdue plant.  OWD has
provided the system curve with the hydraulic grade line (hgl) required at a pump station
located on the Perdue WTP site.  The required hgl has a maximum head of 390 feet and
a minimum head of 360 feet at the desired maximum flowrate of 10 mgd.

Based on the flow and head characteristics described above the pump station would
have a total installed horsepower of 1,250 Hp for five pumps with 250 Hp motors.  This
arrangement provides four operating pumps and one standby unit. Five identical
Peerless pumps (Curve No. 4805574) were selected as a basis for the pump station
design.  The pumps would be five stage constant speed vertical turbine can pumps.  The
pumps will be housed in a building to be located south and east of the existing clearwell.

The building will be approximately 30 feet wide by 60 feet long and constructed of CMU
block with access hatches in the roof for pump removal and roll-up doors for at grade
access.  There will not be a bridge crane in the building.  The building will house the
pumps, electrical motor control centers and starters, pump discharge piping and
telemetry equipment.  The suction piping to the pump station will be off of the clearwell
outlet line and the discharge piping will be routed out near the main entrance of the plant
to an existing 36-inch diameter pipeline at Akard and Kempton streets.  Based on the
preliminary hydraulic calculations for the piping at the pump station and pump catalog
cut sheets the suction line would be approximately 30-inches in diameter and the pump
cans about 24-inches in diameter.  The discharge pipeline will be sized based on OWD
standard criteria and will likely be 24-inches in diameter.  The discharge piping will be
routed through a meter vault with a venturi meter used for billing purposes.

It is likely that a surge protection system will be required.  Hydraulic calculations for the
system to determine surge conditions were beyond the scope of this study.  Further
investigation will need to be completed to determine the size of a surge tank to be
located on the discharge header of the pump station.

 Refer to: Figure 1 for facility layout
Figure 2 for pump station plan schematic.
Figure 3 for the system and pump curves.

The power supply for this facility will need to be investigated.  At this time it is not known
if adequate power supply is available to run this pump station and the rest of the plant
concurrently.  MWH recommends that a separate power feed to this pump station,
including transformers and meter, be provided as this will eliminate any potential
questions regarding power billing for this facility

A preliminary construction cost estimate has been prepared.  The cost estimate was
based on the above information and cost from similar pump stations.  The estimate
represents a rough order of magnitude estimate and will need to be further refined in
future stages of the project.  The estimated construction cost is $3,640,000 and includes
a contingency of 25%, 18% for engineering, and 3% for administrative costs.  See Table
1 for construction cost breakdown.



Table 2 is an estimate of annual energy costs assuming that the yearly delivery of water
to OWD is about 5600 acre feet per year (assuming an average flow of 5 mgd).  This is
equivalent to two pumps running full time.  This analysis is based upon energy
consumption for the horsepower of the pump at  the operating point on the pump-system
curve.



TABLE 1

DESCRIPTION QTY UNIT UNIT COST TOTAL
Suction Pipeline;30-inch steel 475 LF $300 $142,500
Discharge Pipeline;16-inch steel 60 LF $176 $10,560
Discharge Header; 24-inch steel 1100 LF $300 $330,000
Meter and Vault 1 LS $60,000 $60,000
Pump Station Building Construction 1800 SQF $150 $270,000
Pumps and Motors; 5 -250 Hp 5 EA $175,000 $875,000
Butterfly Valve;12-inch 10 EA $8,000 $80,000
Pump Control Valve; 12-inch 5 EA $25,000 $125,000
Surge Tank(1) 1 LS $100,000 $100,000
Power Supply from SDGE unknown unknown
SUBTOTAL $1,993,060

Electrical % 20 $398,612
I&C % 5 $99,653
SUBTOTAL $2,491,325

Engineering % 18 $448,439
Admininstrative % 3 $74,740
Contingency % 25 $622,831

SUBTOTAL CONSTRUCTION COST $3,640,000

(1) Hydraulic Surge Analysis not Performed; allocated cost pending analysis and design
of facility.

Otay WD PS Construction Cost Estimate

10/29/03
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INTEROFFICE MEMORANDUM

TO: File

FROM: James L. Smyth

SUBJECT: Meeting Minutes – Robert A. Perdue Water Quality Studies, B.P. 01-33W

LOCATION: Administration Building

DATE: 10:00 A.M., August 7, 2003

PURPOSE: Internal Staff Meeting to Discuss Capacity Sizing of Perdue Plant

ATTENDEES: Dennis Bostad, Mark Rogers, Jim Smyth, Mary Ann Mann, Hank Gaus and
Michael Garrod

1. Dennis called the meeting to discuss the future capacity sizing of the Perdue
Plant. This is based on the current planning of potentially serving Otay Water
District. Some of the general concepts are:

a. Minimize the modifications needed to the raw water pump station, as the
new sed basins will be located at a higher elevation.

b. Consider maximum flows in the 30-inch raw water pipeline between the
intake tower and the raw water pump station.

c. Otay WD would purchase raw water from CWA with the water delivered
through SWA's NC/SB connection 1. Tentative ok from CWA but needs
confirmation.

2. The demands projected based on the 2002 Water Distribution System Master
Plan are as follows (all flows in mgd):

Present Future (2020)

 Minimum    10-15     11-16

 Average      21.8 23.7-24.4

 Maximum 32.2 34.3-35.4

3. The sources of supply to meet demands are as follows:

S W E E T W A T E R  A U T H O R I T Y
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Source Supply Amount

SW Res.  Raw Water Pump Station:

    (based on present sed basin elev) @ low water elev (194) = 30 mgd

@ high water elev (241) = 45 mgd

Perdue Plant 28 mgd (includes waste due to backwash)

Pipeline 3 (raw to plant)  41 mgd

Pipeline 3 (to lake)   48 mgd

Pipeline 4 (treated) 40 mgd

NC Wells (present/future) 2/4* mgd

Reynolds Demin (present/future) 1.2-4/8* mgd

Other:

  Otay Demin 0 mgd

  Desal 0 mgd

*Note: Future groundwater production is planned but availability is unknown at this
time.

The conclusion was that for the future the groundwater sources (NC Wells and Reynolds
Demin) a total supply for present and future conditions will be assumed with a range
from 3 mgd to 12 mgd, respectively. This is predicated on the conditions that there is
unlimited supply and no contamination.

The past discussion with Otay Water District was that Sweetwater would guarantee at
least 5 mgd with a variable flow as high as 15 mgd, or as much as Sweetwater could
deliver. However, the maximum flow is predicated on the size of the pump station they
would build to take water from the clearwell to its system. Recall that MWH is currently
performing a study for costs to pump 15 mgd.

Tables 1 and 2 present the water balance considering a Perdue capacity at 40 mgd (it is
understood that the “40 mgd” plant is effectively producing 38 mgd due to a 5% loss in
backwash) with and without groundwater sources. It is concluded that the 5 mgd fixed
flow to Otay can be provided for all cases with flows up to 9 mgd with groundwater
sources and maximum demands experienced by Sweetwater Authority. Flows in excess of
9 mgd are available under minimum demand conditions.
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Table 1

Capacity Provided Otay SWA Total

Without groundwater
sources

0 0 0

40 (37) mgd Perdue Plant 5 33 38

Demands (max conditions) 5 35 40

Balance of Need 0 -2 -2

Additional Supply Needed:

CWA Treated Water 0 2 2

Additional Supply Available
to Otay (under max
conditions) 0 -- --

Table 2

Capacity Provided Otay SWA Total

With groundwater sources:

NC Wells

Demin

0

0

4

8

4

4

40 (37) mgd Perdue Plant 5 33 38

Demands (max conditions) 5 35 40

Balance of Need 0 +10 +10

Additional Supply:

CWA Treated Water 0 0 0

Additional Supply Available
to Otay (under max
conditions) 10 -- --
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4. Conclusions:

a. Perdue Plant sized for 40 mgd that considers serving Otay Water District
with the assumption that they we will enter into an agreement.

b. Flows in excess of 5 mgd can be provided to Otay only when we have
groundwater sources.

c. Based on the MWH preliminary cost estimates (Table 5-1, page 5-7of the
draft report) the costs difference for the floc/sed basins between 30 and 50
mgd is approximately $400,000. Since this is not significant it was decided
to have the basins built to 50 mgd flow size whether Otay is served or not.

d. One additional filter would be built based on serving Otay. If Sweetwater
and Otay cannot come to agreement then the new filter would NOT be built.
If an agreement if reached, and if Sweetwater needs additional capacity (i.e.,
groundwater source of supplies decline in capacity for whatever reasons)
then Sweetwater will build a sixth filter for its needs.

e. It is recommended that the design incorporate a 40 mgd plant with 50 mgd
basins with the provisions that the fifth filter be a deductive item should
Otay decline. This will allow MWH to proceed without delay.

5. Action Items

a. JLS to arrange for a meeting with MWH to discuss this approach.

b. JLS to clarify the flow ranges of the raw water pump station based on the
new sed basins.

c. JLS to determine when MWH will have the Otay pump station report
completed. The meeting date noted in (a) above will be set after having
received the report.

d. Mark will contact Otay or CWA to confirm CWA's position on Otay taking
water at the Perdue Plant.

e. Mark to set up meeting with Otay to discuss above information. A meeting
with CWA would then follow (separately or jointly needs further discussion).

f. We need to resolve whether Otay will enter into an agreement. This
information is vital in order to properly design the needed improvements.
An alternative is to have MWH design the “5th” filter and if Otay declines to
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participate at a future date the filter can be bid as a “deductive” item
(similar to other treatment processes).

g. Hank to analyze alternative approaches to having Otay repay Sweetwater.
Examples are:

1. Otay pays capital costs upfront with payment based on O&M.

2. Capital and O&M costs blended (e.g., lease payments over
some period of time).

I:\engr\B P\BP 01\01-33W - Water Quality Improve. at Perdue\Corresp\Minutes - Meeting - Improvements Perdue 8-07-
03.doc
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Perdue Water Treatment Plant Upgrades Project
Design Criteria
June 30, 2003

Description Units Existing

Plant Capacity mgd 30.0 30.0 40.0 50.0
gpm 20820 20820 27760 34700
cfs 46.4 46.4 61.9 77.4

Rapid Mixing
Rapid Mix Pump No. 1 1 1 1
   Mixing Energy Sec-1 750 750 750 750
   Mixing Pump Capacity gpm 800 800 800 800
   Mixing Pump Power HP 7.5 7.5 10 10
   Mixing Time Seconds 60 60 60 60

Flocculation Basins

Existing Basins 1 & 2
   Stages per Basin No. 2 x x x
   Flow per Basin mgd 15.0 x x x
   Flocculation Time at Design Q Minutes 20.0 x x x
   Flocculator Type Vert. Turb. x x x
   Flocculator Drive 2-Speed x x x

Future Basins
Number of Basins No. x 2 2 2

   Stages per Basin No. x 3 3 3
Cells per Stage No. x 4 4 4

   Flow per Basin mgd x 15.0 20.0 25.0
Basin Length ft x 18 18 18
Basin Width ft x 15 15 17
Water Depth ft x 18 18 18

   Flocculation Time at Design Q Minutes x 40.0 30.0 30.1
   Flocculator Type x Vert. Turb. Vert. Turb. Vert. Turb.
   Flocculator Drive x Variable Variable Variable

Sedimentation Basins

Existing Basins 1 & 2
   Flow per Basin mgd 15.0 x x x
   Detention Time at Design Q Minutes 60.0 x x x
   Surface Loading Rate gpm/sf 1.7 x x x
   Sludge Removal System Traveling Bridge 

Future Basins
Number of Basins x 2 2 2

   Flow per Basin mgd x 15.0 20.0 25.0
Basin Length ft x 232 232 255
Basin Width ft x 60 60 68
Water Depth ft x 18 18 18

   Detention Time at Design Q Minutes x 176.0 132.0 138.3
   Surface Loading Rate gpm/sf x 0.7 1.0 1.0

Maximum Horizontal Velocity ft/min x 1.3 1.8 1.8
End Weir Loading Rate gpm/ft x 249,840   333,120  367,412  

   Sludge Removal System Chain & Flight

perdue wtp design criteria rev 2.xls 1  of  3



Filters Units Existing

Number of Filters No. 4 4 5 6
Filter Bed Area (each) sf 1170 1170 1170 1170
Filtration Rate (w/one filter gpm/sf 5.93 5.93 5.93 5.93
   out of service for backwashing)
Filter Media (1)

   Sand/Anthracite or GAC TBD TBD TBD TBD

Filter-to-Waste System
   Filter-to-Waste Rate gpm/sf 4.00 4.00 4.00 4.00

gpm 4680 4680 4680 4680
mgd 6.7 6.7 6.7 6.7

Filter Backwash
   Maximum Backwash Rate gpm/sf 22.5 22.5 22.5 22.5

gpm 26325 26325 26325 26325
mgd 37.9 37.9 37.9 37.9

   Duration Minutes 7 7 7 7
   Volume/Backwash Gallons 184275 184275 184275 184275
   Surface Wash Rate gpm/sf 0.75 0.75 0.75 0.75

Ultraviolet (UV) Disinfection

Reactor Type:
   Low Pressure, High Intensity
   (LPHI)
   Flow per Reactor (min.) mgd x 10 10 10
   Number of Reactors Req'd No. x 4 4 5
   Number of Standby Units No. x 1 1 1
   Total Number of Reactors No. x 5 5 6
   Dose @ End of Bulb Life mJ/cm2 x 40 40 40
   No. of Bulbs per Reactor No. x 60 60 60
   Bulb Life Hours x 12000 12000 12000
   Percent Transmittance Percent x 85 85 85
   Anticipated Log Inactivation
       Cryptosporidium Log x 2 2 2
       Giardia Log x 2 2 2
   Power Level for Desired Percent x 80 80 80
       Inactivation
   Power per Reactor kW x 25.2 25.2 25.2
   Energy to Flow Ratio kW/mgd x 1.9 1.9 1.9
   Total Design Flow Power kW x 57.0 76.0 95.0
       Requirements
   Peak Power Requirements kW x 94.5 126.0 157.5

perdue wtp design criteria rev 2.xls 2  of  3



Disinfection Contact Chambers Units Existing

   Number No. x 2 2 2
   Maximum Flow per Chamber mgd x 15.0 20.0 25.0
   Contact Time at Design Q Minutes x 5.5 4.8 3.9

Clearwells

   Number No. 1 x x 2(2)

   Water Depth Feet 19 x x 14
   Total Volume MG 10.0 x x 10.0

Surface Area sf 80,896 102,400

Notes:
(1) Media type, depth, effective sizes, etc. to be determined during the detailed design phase.
(2) Two - 5 MG clearwells installed side by side

perdue wtp design criteria rev 2.xls 3  of  3
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DRAFT

4.4 OZONE FACILITIES
Settled water (intermediate) ozone can be added to the plant in the future to improve taste
and odor and to meet the more stringent upcoming regulations for disinfection and
disinfection byproducts.  The evaluations of intermediate ozonation presented in this section
are intended to confirm location and capacity of the system for possible future installation.
The capacity planned for ozonation is based on results of bench and pilot scale tests and
operating experience from similar facilities.  The planning of the facilities is based on the use
of liquid oxygen (LOX) as the primary feed gas.  LOX, rather than air, is recommended
because of the simplicity of maintenance and operation.

Process Overview
Settled water ozonation offers some important benefits to the operation and performance of
the Perdue WTP.  These include:

•  Better disinfection
•  Improves taste, odor and color
•  Reduces concentrations of Trihalomethanes (THMs)
•  Improves performance of media filters

Ozone is a powerful disinfectant and easily destroys waterborne bacteria, virus and Giardia.
It is over 1000 times more effective than chlorine against Cryptosporidium, a protozoan cyst
found in most surface water supplies.

Ozone has been widely used to improve taste, odor and color of drinking water.  It is one of
the most efficient and inexpensive processes for this purpose.  The ability to handle periodic
episodes of taste and odors in the local reservoirs will ensure that local water production is
optimized and that operation of the regional delivery system is not inhibited.  Treatment of
local reservoir water will become increasingly important as the regional delivery system is
expanded to meet future demands and emergency storage needs.

The finished water concentrations of THMs and other chlorination byproducts will be
reduced to a fraction of the current levels by converting from chlorination to ozonation.  The
use of ozone as the primary disinfectant will reduce THMs to consistently less than 20 µg/l.
This will ensure compliance with the EPA’s Stage 2 Disinfectant/Disinfection Byproducts
Rule, currently scheduled for publication in mid-2004.

Inactivation of Pathogens
The bench- and pilot-scale testing performed at the Perdue WTP in 2001-2002 confirm the
dose ranges necessary to meet the required log inactivation of pathogens.  However, the
water in Sweetwater Reservoir (SWR) during the testing contained a large percentage of
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imported water from the CWA Aqueduct system.  In years of high local runoff, the ozone
demand of the SWR water may be significantly higher than the ranges that were required
during the bench- and pilot-scale investigations.  If ozone is selected, the design dosages
should include factor of safety of at least 1.5, applied to the highest study doses needed for
the various pathogen inactivation. For example, at the pilot-scale, the maximum ozone dose
needed for 2-log virus inactivation was 1.7 mg/L.  If the full-scale plant is to be designed for
2-log virus inactivation, the design dose should be at least 2.6 mg/L.  The Cryptosporidium
inactivation tables are still being negotiated.  If the ozone system were designed for
Cryptosporidium inactivation, basing the design dose on the Stakeholders’ Draft
LT(2)SWTR may be overly conservative and the design values may need to be revised.

The intermediate-ozone doses needed to achieve 1-log Cryptosporidium inactivation at the
pilot-scale were in the range of 2.8 to 5.8 mg/L.  For 0.5-log Giardia inactivation the
required dose range was 0.8 to 1.5 mg/L.  For 2-log virus inactivation the required dose range
was 0.7 to 1.7 mg/L.  In a single series of tests on the CWA water, the intermediate-ozone
doses needed for 1-log Cryptosporidium, 0.5-log Giardia, and 2-log virus were 3.8 mg/L, 0.6
mg/L, and 0.7 mg/L, respectively.

Taste and Odor Reduction
Taste and odor (T&O) episodes at the Perdue WTP are intermittent and often related to algae
blooms.  MIB (2-methylisoborneol) and geosmin are organic odor-causing compounds,
which impart a musty/earthy odor to the water.  These two compounds have been shown to
be somewhat resistant to typical drinking water odor reduction technologies, with MIB being
generally recognized as the more difficult to treat.  While treatment technologies such as
chlorine, chlorine dioxide, and powdered activated carbon may be effective on other organic
or reduced inorganic T&O causing compounds, only ozone has been shown to be moderately
effective on MIB and geosmin in the SWR water.  MIB and geosmin during T&O events
have been typically measured in the 5 to 30 ng/L (nanograms per liter) range in the SWR
water.

Ozone and peroxone (combination of ozone and hydrogen peroxide) were evaluated at the
pilot scale for their taste and odor reduction capabilities.  With ozone, as the transferred
ozone dose increased, the concentrations of both MIB and Geosmin were reduced.  In the
ozone dose range (0.7 to 1-5 mg/L) necessary for 0.5-log giardia during this period,
reductions of 35% - 40% for Geosmin and 28% to 50% for MIB would be expected.  In the
dose range (2.8 to 5.8 mg/L) necessary for 1-log Cryptosporidium inactivation, 55% to 70%
reduction in geosmin and 50% to 60% reduction in MIB would be expected.

For equivalent doses, the addition of hydrogen peroxide at dose ratios of 0.25 and 0.5
milligrams per milligram transferred ozone did not result in higher reduction of MIB and
geosmin than ozone alone, but it did increase the ozone demand of the settled water.
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Bromate Formation and Control
Bromate (BrO3

-) may be formed when water that contains bromide (Br-) is ozonated.  The
Sweetwater Reservoir is located in an ancient marine bed, which contains higher bromide
levels than most other reservoirs in the county.  The Stage 2 D/DBP Rule establishes a
maximum contaminant level (MCL) for bromate of 10 µg/L.  Sweetwater Authority has a
treated water bromate objective of less than 8 µg/L.  The current regulatory timeframe
indicates that a bromate MCL of 0.005 mg/L is not likely to be enforced for at least nine
years.

pH depression and ammonia addition have been shown to be effective for bromate control at
some full-scale installations.  Bromate formation and the control strategies of pH depression
and ammonia addition were investigated at the pilot-scale.  For intermediate-ozone at doses
necessary for 0.5-log inactivation of Giardia, pilot-scale bromate results were in the range of
ND to 5 µg/L, and no control would have been necessary for the range of water quality
encountered in the study.  For a disinfection goal of 1-log Cryptosporidium, bromate was
typically in the 10-20 µg/L range but reached levels as high as 30 µg/L in the absence of
control strategies.  Bromate minimization was investigated on the worst-case water seen in
the study and the combination of pH depression and ammonia addition appeared effective at
reducing bromate to below the 8 µg/L SWA objective.  It is important to note that these
results were extrapolated since the range of ozone doses applied during testing was not
inclusive of doses suggested by the stakeholders draft review document of the LT(2)SWTR,
which was released later.

Do to the alkalinity of the SWR water, an estimated maximum dose of 50 mg/L of sulfuric
acid may be necessary to depress the settled water pH to 6.3-6.5.  The acid storage and feed
system should be sized appropriately for dosing to the settled water.  Ammonia dosing
facilities should be capable of feeding 0.5 mg/L (as N) upstream of ozone.

Quenching of Ozone Residual
An ozone residual downstream of the ozone contactor is not desirable due to concerns of
continued bromate formation and die-off of biologically active filters.  Sulfur compounds
such as sodium bisulfite or calcium thiosulfate may be used to quench any remaining ozone
residual prior to filtration.  In some ozone plants, hydrogen peroxide is used to quench the
ozone residual and to improve taste and odor.  In the pilot-scale testing, hydrogen peroxide
was not an effective quenching agent at the pH ranges seen with enhanced coagulation or
when acid addition was required for bromate control.  Furthermore, no taste and odor
benefits were realized with the use of hydrogen peroxide.

The quenching chemical should be applied after the required disinfection CT has been met,
in the second-to-last chamber of the contactor.  The final chamber provides reaction time for
the quenching reaction.
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Other Operational Issues with Use of Ozone
Formation of assimilable organic carbon (AOC) and aldehydes is a by-product of the
oxidation of higher molecular weight organic compounds by ozone.  AOC and aldehydes are
more readily degraded by bacteria and algae, and there levels should be minimized to control
growth in the distribution system.  Biologically active filtration (BAF) was shown in the pilot
study to be effective at reducing these compounds.

Ozonation of reduced manganese may also form colloidal manganese that can pass through
filters and contribute to colored water problems.  Furthermore, manganese may coat the filter
media and reduce its adsorption capabilities.  Biologically active filters, pre-oxidation with
chlorine dioxide, and an improved flocculation/sedimentation process are expected to
minimize these manganese concerns.

If there is significant carryover of ferric floc from the sedimentation basins to the ozone
contactor, accelerated clogging of the ozone diffusers with iron can become a major concern.
Improvements to the flocculation/sedimentation process should reduce the rate of ferric
clogging of the ozone diffusers.

Process Components
The ozone system design for the Perdue WTP should include the following major
components, at a minimum:

� Low Lift Pump Station

� LOX system

� Ozone Generators

� Ozone Contactor

� Cooling Water System

� Ozone Destruct Units

� Sulfuric Acid Feed System

� Aqua Ammonia Feed System

� Sodium Bisulfite or Calcium Thiosulfate Feed System

Basis for Preliminary Design
One of the primary purposes of the ozone system is disinfection.  The proposed system
would be designed to meet Surface Water Treatment Rule requirements for Giardia
inactivation and anticipated requirements for Cryptosporidium inactivation.  To ensure
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adequate space for the ultimate plant capacity, the footprint of the ozone system is sized for
45 mgd.

Because Cryptosporidium is more resistant to disinfection than Giardia, bacteria or virus, it
governs the design.  However, Ct tables for Cryptosporidium inactivation are currently being
negotiated.  The Ct requirement assumed here is based on the Stakeholders’ Draft of the
Long-Term (2) Enhanced Surface Water Treatment Rule, which was released in October
2001.  It is likely that the final Ct requirements will be somewhat lower than the values
assumed here, based on recent information regarding the status of the negotiation process.

The ozone system preliminary design is based on the design criteria summarized below.  It is
important to note that although required ozone CT values are higher for lower temperature
waters, it may be more difficult to achieve

Maximum Plant Flow
Average Plant Flow
Minimum Plant Flow
Temperature

Giardia Inactivation
Log Inactivation
Required Dose X Contact Time (Ct)

Virus Inactivation
Log Inactivation
Required Dose X Contact Time (Ct)

Cryptosporidium Inactivation
Log Inactivation

Required Dose X Contact Time (Ct)

45 mgd
30 mgd
20 mgd
10 deg C

0.5 logs
0.23 mg-min /L

2 logs
0.5 mg-min/L

1 log
9.0 mg-min /L
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Process Sizing and Configuration
The ozone contractor will be situated hydraulically between the sedimentation basins and
the filters, as decided in the first Project Workshop.  This orientation provides for
stabilization of ozone demand by removal of organics in the flocculation/sedimentation
process prior to ozonation.  It also takes advantage of any pH reduction produced by the
primary coagulant prior to additional acid addition for bromate control.  Physically, the
contactor and ozone generation facility will be located directly south of the sedimentation
basins and filters, occupying approximately a 10,000 square foot area.

Table 1
Preliminary Ozone Design Criteria

Units Initial Ultimate
Flow
   Maximum mgd 30 45
   Minimum mgd 10 15

Contactor
   Flow pattern Counter-current
   Number of basins 2 2
   Number of Chambers per basin 12 12
   Number of Contact Chambers per basin 8 8
   Basin Volume, each cf       33,420       33,420
   Basin Volume, total gal     500,000     500,000
   Basin detention time min 24 16
   Chamber detention time min 2 1.33
   Basin water depth ft 24 24
   Chamber width ft 14.5 14.5
   Chamber length ft 8 8
   Height of opening between chambers ft 8 8
   Minimum transfer efficiency % 93% 93%

Generators
Type Medium frequency
   Number of generators @ 1200 ppd (rated capacity) each 2+1 3+1
   Maximum Ozone Dose (for 1-log Crypto inactivation) mg/L 7 7
   Average Ozone Dose (for 2-log virus inactivation) mg/L 2 2
   Minimum Ozone Dose (for 2-log virus inactivation) mg/L 0.5 0.5
   Maximum Ozone Production (75% of rated capacity) lbs/day 1800 2700
   Average Ozone Production lbs/day 540 810
   Minimum Ozone Production (10% of rated capacity) lbs/day 240 360
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   Ozone minimum percent by weight in feed gas % 7% 7%
   Ozone maximum percent by weight in feed gas % 12% 12%
   Cooling water system type Open/Closed Loop
   Feed gas supply, type - LOX LOX

Ozone destruct
   Type thermal - catalytic
   Total Maximum Vent Gas Flow scfm 220 320
   Number of destruct units -- 2+1 3+1
   Capacity Each scfm 140 140
   Maximum Vent Gas Ozone Concentration ppm 0.1 0.1

Low lift pump station
   Type Screw pumps
   Number 2+1 3+1
   Size, flight diameter inches 60 60
   Installed Hp Hp 90 120

Liquid oxygen (LOX)
   Number of vaporizers 2 2
   Maximum oxygen use rate lbs/day        27,650         41,475
   Days of storage @ maximum use rate days 9 6
   Number of vessels 2 2
   Volume per vessel gallons        13,000        13,000

Sodium bisulfite (or calcium thiosulfate)
   Average dose mg/l 0.5 0.5
   Solution concentration % 25% 25%
   Pounds of active chemical per gallon of solution lb/gal 2.44 2.44
   Solution dosage at average flow (30 mgd) gal/hr 2.14 2.14
   Number of storage tanks (tote bins) -- 2 2
   Storage volume per tank gallons 315 315
   Days of storage at average dose and flow (60 mgd) days 12.3 12.3

Calcium thiosulfate (or sodium bisulfite)
   Average dose mg/l 0.3 0.3
   Solution concentration % 30% 30%
   Pounds of active chemical per gallon of solution lb/gal 3.12 3.12
   Solution dosage at plant design flow gal/hr 1.00 1.50
   Number of storage tanks (tote bins) -- 2 2
   Storage volume per tank gallons 315 315
   Days of storage at average dose and flow (60 mgd) days 26.2 17.5
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Hydrogen Peroxide
   Average dose mg/l 0.2 0.2
   Solution concentration % 35% 35%
   Solution dosage at average flow (60 mgd) gal/hr 1.43 1.43
   Number of storage tanks -- 1 1
   Storage volume gallons 315 315
   Days of storage at average dose and flow (60 mgd) days 18 12

Aqua Ammonia
   Maximum dose mg/l as N 0.5 0.5
   Solution concentration (% N) % 24.1% 24.1%
   Pounds of active chemical per gallon of solution lb/gal 15 15
   Solution dosage at maximum flow gal/hr 0.3 0.5
   Storage Tanks Existing

Sulfuric Acid
   Maximum dose mg/l 50 50
   Solution concentration % 93.2% 93.2%
   Pounds of active chemical per gallon of solution lb/gal 15 15
   Solution dosage at maximum flow gal/hr 35 52
   Number of storage tanks -- 1 1
   Storage volume per tank gallons   10,000   10,000
   Days of storage at maximum dose and flow days 12.0 8.0

Configuration
The ozone system will be divided into two separate contactors, each with twelve
chambers.  The first 10 chambers will be used for disinfection while the last two are for
quenching of ozone residual.  Baffling will be the standard over-under style.  There will
be one longitudinal gallery and tow end galleries for access.  Each contactor will have a
maximum flow capacity of 22.5 mgd and a minimum flow capacity o f 10 mgd.  During
periods of low plant flow, one of the basins will be taken out of service.  Ozone and
chemical dosing will be designed for full plant flow.

The ozone generators and power supplies will be located in a building mounted on top of
the ozone contactor.  Locating the building on top of the contactor was chosen to
conserve space in that area of the property.  The building also contains a generator tube
washing area and an ozone operations control room.  Ozone destruct equipment can also
be mounted on top of the contactor in an outside area adjacent to the generation building.

The ozone generators will be manifolded and will be fed from liquid oxygen (LOX)
storage.  Ambient air vaporizers will convert the LOX to a gaseous form.  Each of two
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generators will be sized to meet the demand of one contactor.  One additional generator
will be provided as a spare.  The two (plus one spare) thermal catalytic ozone destruct
units will also be manifolded.  Manifolding offers greater operational flexibility during
peak ozone demand periods and during times when one unit is out of operation.  The
ozone generation and ozone destruct units will be housed on top of the contactor.

System Sizing
The contactor and ozone generation equipment were sized to provide the required Ct
presented in the criteria table.  Predicted log inactivation and Ct values are calculated
based on a model which utilizes the ozone demand and decay data reported above.  Ct
requirements for  Giardia and virus log-inactivation were taken from the EPA Surface
Water Treatment Rule.  Ozone demand and decay data from the pilot study were used to
calculate the ozone residual in each chamber of the ozone contactor, based on the
detention time in each.  The Ct values were then used to calculate the predicted log-
inactivation achieved in each chamber.

The Ct values for each chamber were calculated using a T10/T of 0.6, a reasonable
assumption for the proposed contactor configuration.  Ozone will normally be injected at
primarily at chamber 1; however, it will be possible to add ozone at chambers 2 and 11 as
well.  Injection at chamber 11 will be used to increase the ozone residual prior to adding
hydrogen peroxide for enhanced taste and odor removal.  Although the addition of
hydrogen peroxide did not show a clear benefit for MIB and geosmin reduction at the
pilot scale, the testing was limited to one set of water quality conditions.  Since taste and
odor is a major concern for SWA, and numerous previous studies have shown that
peroxone is effective, provisions should be made for its future use.

It is largely for the purpose of minimizing bromate that acid feed and storage facilities
will be added when ozonation is constructed at the plant.  The Authority will also have
the ability to feed acid to the plant rapid mix to reduce the pH during coagulation and
flocculation.  This would improve removals of total organic carbon and possibly reduce
the amount of inorganic coagulant required to achieve effluent turbidity and particle
count goals.

Process Control
The ozone system shall be monitored and automatically controlled through the
microprocessor based PLC located at the control panel in each PSU, the Main Control
Panel (MCP) and the ozone system workstations.  The MCP and ozone system
workstations shall be designed and programmed to allow plant operations staff to easily
choose between any of the following operational schemes, either locally at the ozone
system workstation or through an interface with the plant SCADA.
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(1) Dose Control – The microprocessors will automatically control ozone production
based on plant operator setpoints for ozone dose (mg/l), plant influent flow (mgd),
and % ozone.   The controls shall give the plant operators the option of either manual
or automatic changes in ozone production based on a change in the plant influent
flow.   When ozone production changes automatically with plant flow (flow pacing)
the controls shall allow the plant operator to select the time interval (1 to 60 minutes)
between changes in ozone production based on changes in plant flow.  The controls
shall allow the operator to select a single dose setpoint for all of the contractors when
gas flow is controlled at a single common point or select different doses for each
contactor when gas flow is controlled separately to each contactor.

(2) Dose Control with Residual Trim – All setpoints and operational options described
above for Dose control shall apply to this scheme.   The control system shall increase
or decrease the ozone production to maintain a setpoint residual.   The control system
shall have to the ability to time average the measured residual over an adjustable time
interval (10 seconds to 10 minutes) and automatically select the lowest running
average residual measurement from the contactors in service for control.  In addition
the controls shall indicate to the plant operators when the trimmed dose is beyond
limits of the setpoint dose.  The limits shall be adjustable.

(3) Dose Control with Ct Trim – This operational scheme shall match the features of
Dose Control with Residual Trim except that the dose shall be trimmed to match a
setpoint Ct10 value. The “C” value is the average residual in each contactor cell
computed by the system from measured residual values and computed decay rates.
The algorithms for computation of decay rates will be furnished to the OSS by the
OWNER.  The t10 shall be computed as the product of the theoretical detention time
of the in-service contactors (t) and the ratio t10/t.  The value for t10/t shall be furnished
to the OSS by the OWNER.   The computed Ct10 shall  be the sum of Ct10 for cells 1
through 10 exclusive of those at which ozone is being applied.  The control system
shall allow plant operator to select which contactor and cells will be used in the Ct10
computations.

(4) When operating under any of the above operational schemes the control program
shall allow the plant operation staff to select one of the following modes:

a) Constant Concentration.  The ozone system control program shall maintain
a constant ozone-in-gas concentration setpoint by varying power and gas flow.

b) Constant Gas Flow. The ozone system control program shall compute the gas
flow from the plant flow, dose set point and percent concentration setpoint
and maintain a constant gas flow by varying power only when the dose is
trimmed by residual or Ct10.  Gas flow shall be adjusted in stages of adjustable
duration when the plant operator chooses the option of having the ozone feed
flow paced as described under the “Dose Control” operational scheme.    In
any of the operational schemes the system shall allow the plant operator to
select one of two options where constant gas flow is maintained by the control
system.   Under one option the gas flow will be controlled by the single flow
meter and valve in the common ozone piping between the generators and
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contactors.   Under the second option the gas flow would be controlled by the
flow meters and motor operated valves in the ozone piping to each contactor.

Ozone Equipment Suppliers
The following is a preliminary list of ozone generation equipment suppliers.

Ozonia
PCI Wedeco
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Basin Design Flow Rate, mgd 20
Slab Depth, ft 1.5
Wall Width, ft 1
Sed. Basin Depth, ft 20
Sed. Basin Walkway Width, ft 4
Sed Basin Volume, gallons 2,553,122        

DESCRIPTION QTY UNIT UNIT COST TOTAL

Influent Water Channel Slab 20 CY $368 $7,442
Influent Water Channel Side Walls 87 CY $574 $50,172
Influent Water Channel Top Cover 13 CY $680 $9,167
Flocc. Basin Slab 164 CY $368 $60,278
Flocc. Basin Side Walls 84 CY $574 $48,216
Flocc. Basin Center Walls 42 CY $574 $24,108
Flocc. Basin Diffuser Wall 39 CY $120 $4,622
Flocc. Basin Top Cover 109 CY $680 $74,256
Inlet BFV's 24'' 8 Ea $8,000 $64,000
Flocculator with VFD 12 Ea $17,375 $208,500
Sed. Basin Slab 772 CY $368 $283,946
Sed. Basin Side&Center Walls 594 CY $574 $340,688
Sed. Basin Walkway 40 CY $680 $26,907
Sludge Scraper 2 Ea $183,600 $367,200
Piping and Supports 1 LS $40,000 $40,000
Sludge Pumps 2 Ea $16,300 $32,600
Settled Water Channel Slab 26 CY $368 $9,568
Settled Water Channel Side Walls 90 CY $574 $51,873
Settled Water Channel Top Cover 17 CY $680 $11,787
Plant Overflow Channel Slab 22 CY $368 $7,973
Plant Overflow Channel Side Walls 50 CY $574 $28,487
Plant Overflow Channel Top Cover 14 CY $680 $9,822

SUBTOTAL $1,761,613

Electrical % 4% $70,465
I&C % 2% $35,232

SUBTOTAL CONSTRUCTION COST $1,867,310

Engineering % 18% $336,116
Administration % 3% $56,019
Contingency % 25% $466,827

TOTAL CONSTRUCTION COST $2,730,000

New Floc/Sed/ Basins

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls New FlocSed Basins



Description Quantity Units Unit Price Total Cost
recoating 1 ls $640,000 $640,000

$0
$0
$0
$0

Subtotal $640,000
Engineering (18%) $115,200.00

Administration (3%) $19,200.00
Contingency (25%) $193,600

Total $968,000

Rounded $970,000

Assumptions:
Based on City of San Diego Experience

Filters Concrete Recoating



MARK-UPS:     MATL LABOR EQUIP.   INSTALL or S/C

Project Number: 7010473 OVERHEAD         = 4.00% 4.00% 4.00% 4.00%

Estimator: CNC PROFIT               = 5.00% 5.00% 5.00% 5.00%

Revision: 2.0 MOB/DEMOB = 6.00% 6.00% 6.00% 6.00%

Otay Water Plant LABOR RATE = 35.00 FACILITY:  1 New Filter 0.00%

0.00%
MATERIAL        LABOR      CONST. EQUIP.          INSTL or S/C

DESCRIPTION QTY UNIT UNIT TOTAL
UNIT $ AMOUNT MH RATE AMOUNT UNIT $ AMOUNT UNIT $ AMOUNT COST

SITEWORK
Excavation - cut, haul excess - Filters 600 CY 0.00 .03 $35.00 630.00 1.95 1,170.00 10.00 6,000.00 13.00 7,800.00 
Fill - Filters 45 CY 0.00 0.00 .08 $35.00 126.00 2.00 90.00 0.00 4.80 216.00 
Stone Under Slab 60 CY 18.00 1,080.00 .09 $35.00 189.00 3.00 180.00 0.00 24.15 1,449.00 
Shoring for Filter Facility 800 SF 10.00 8,000.00 .50 $35.00 14,000.00 3.00 2,400.00 0.00 30.50 24,400.00 
4" Underdrain 260 LF 5.00 1,300.00 1.00 $35.00 9,100.00 3.00 780.00 0.00 43.00 11,180.00 
Drain Rock 60 CY 12.00 720.00 .18 $35.00 378.00 2.24 134.40 0.00 0.00 20.54 1,232.40 

CAST IN PLACE CONCRETE
12" SOG 62 CY 125.00 7,750.00 6.00 $35.00 13,020.00 12.00 744.00 8.00 496.00 355.00 22,010.00 
Concrete Walls 180 CY 195.00 35,100.00 8.00 $35.00 50,400.00 12.00 2,160.00 65.00 11,700.00 552.00 99,360.00 
Concrete Top Slab 35 CY 185.00 6,475.00 7.00 $35.00 8,575.00 12.00 420.00 55.00 1,925.00 497.00 17,395.00 
 
METALS
Misc Metals 1 LS 3,600.00 3,600.00 100.00 $35.00 3,500.00 0.00 200.00 200.00 7,300.00 7,300.00 
Handrail 160 LF 29.50 4,720.00 .45 $35.00 2,520.00 6.10 976.00 0.00 51.35 8,216.00 
Ladders 55 LF 145.00 7,975.00 .40 $35.00 770.00 5.40 297.00 0.00 164.40 9,042.00 

THERMAL AND MOISTURE PROTECTION
Protective coating 1 LS 2,600.00 2,600.00 125.00 $35.00 4,375.00 400.00 400.00 0.00 7,375.00 7,375.00 
 
SPECIALTIES
Particle Counters - Hach 1 EA. 5,630.00 5,630.00 8.00 $35.00 280.00 0.00 0.00 5,910.00 5,910.00 
Vista Software 1 EA. 2,700.00 2,700.00 25.00 $35.00 875.00 0.00 0.00 3,575.00 3,575.00 
Piping labels and Marking 1 LS 0.00 0.00 0.00 1,500.00 1,500.00 1,500.00 1,500.00 
 
EQUIPMENT AND PIPING 
Underdrains 1,170 SF 48.50 56,745.00 .20 $35.00 8,190.00 1.00 1,170.00 0.00 56.50 66,105.00 
Filter Media 4,680 CF 28.00 131,040.00 .03 $35.00 4,914.00 1.26 5,896.80 0.00 30.31 141,850.80 
Pumps/Air 1 LS 65,000.00 65,000.00 300.00 $35.00 10,500.00 1,240.00 1,240.00 0.00 76,740.00 76,740.00 
Pumps 2 Ea 10,250.00 20,500.00 45.00 $35.00 3,150.00 125.00 250.00 0.00 11,950.00 23,900.00 

MECHANICAL 
Piping 1 LS 89,650.00 89,650.00 500.00 $35.00 17,500.00 1,240.00 1,240.00 0.00 108,390.00 108,390.00 
Adjust to Existing 1 LS 55,000.00 55,000.00 200.00 $35.00 7,000.00 1,240.00 1,240.00 0.00 63,240.00 63,240.00 

SUBTOTAL 505,585 159,992 20,788 21,821 $708,186
OVERHEAD  &  PROFIT 46,514 14,719 1,913 2,008 $65,153
MOB / DEMOB 30,335 9,600 1,247 1,309 $42,491
GENERAL CONDITIONS 8.0% 40,447 12,799 1,663 1,746 $56,655

CONSTRUCTION COST 622,881 197,110 25,611 26,883 $872,500
NOTES:

BUILDERS RISK INSURANCE 0.90% $9,000 ELECTRICAL 8.00% $79,000
INSURANCE'S 1.00% $10,000 I&C 3.00% $30,000
TAXES 7.75% $39,183 BONDS 1.00% $10,909
LABOR BURDEN 32.00% $51,197 CONTINGENCY 0.00% $0

TOTAL CONSTRUCTION COST $1,101,789

Subtotal $1,101,789
Engineering (18%) $198,322

Administration (3%) $33,054
Contingency (25%) $333,291

Total $1,666,456

Rounded $1,670,000



Description Quantity Units Unit Price Total Cost
Remove Sand 16380 CF $2.70 $44,226
Remove Underdrain System 4680 SF $21.05 $98,514
Replace Media 25740 CF $32.76 $843,242
Replace Underdrains 4680 SF $60.00 $280,800
Particle Counters w/software 4 EA $6,803.00 $27,212
Raise Troughs 40 EA $2,000 $80,000
Air Scour System Piping 4 EA $15,000 $60,000
Air Scour Blowers 2 EA $40,000 $80,000
Blower bldg 1 EA $100,000 $100,000

Subtotal $1,613,994
Engineering (18%) $290,519

Administration (3%) $48,420
Contingency (25%) $488,233

Total $2,441,167

Rounded $2,440,000

Assumptions:
media replace
underdrains replace
misc metals replacement
trough raise

Existing Filter Cell Modifications



New Floc Sed Basin and UV CCT Piping
54" Steel Piping in rock Floc/sed w/ overflow 720 lf $776.25 $558,900
54" piping for UV and CCT 320 lf $776.25 $248,400
Misc Piping @ 25% $201,825
Tie-Ins 10 ea $13,000 $130,000
Fittings 6 ea $15,000 $90,000

Subtotal $1,229,125
Engineering (18%) $221,243

Administration (3%) $36,874
Contingency (25%) $371,810

Total $1,859,052

Rounded $1,860,000



MARK-UPS:     MATL LABOR EQUIP.
 INSTALL or 

S/C
Project Number: 7010473 OVERHEAD         = 4.00% 4.00% 4.00% 4.00%

Estimator: CNC PROFIT               = 5.00% 5.00% 5.00% 5.00%

Revision: 2.0 MOB/DEMOB = 6.00% 6.00% 6.00% 6.00%

Otay Water Plant LABOR RATE = 35.00 FACILITY:  (8) Ultraviolet 0.00%

0.00%
MATERIAL        LABOR      CONST. EQUIP.          INSTL or S/C

DESCRIPTION QTY UNIT UNIT TOTAL 40 mgd total 30 mgd total 50 mgd
UNIT $ AMOUNT MH RATE AMOUNT UNIT $ AMOUNT UNIT $ AMOUNT COST

SITE WORK
Excavation - cut, haul excess - UV Facility 800 CY 0.00 .03 $35.00 840.00 3.95 3,160.00 0.00 5.00 4,000 
Disposal of Excess Material - UV Facility 800 CY 0.00 $35.00 0.00 11.00 8,800.00 11.00 8,800 
Fill - UV Facility 1,235 CY 0.00 .08 $35.00 3,458.00 2.00 2,470.00 0.00 4.80 5,928 
Stone Under Slab 350 CY 15.00 5,250.00 .08 $35.00 980.00 2.00 700.00 0.00 19.80 6,930 

Concrete
24" Concrete Slab - 50' X 70' 140 CY 125 17,500 6 $35.00 29,400 12 1,680 8 1,120 355 49,700 
18" Concrete End Wall 55 CY 185 10,175 8 $35.00 15,400 12 660 20 1,100 497 27,335 
18" Concrete Side Wall 77 CY 185 14,245 8 $35.00 21,560 12 924 20 1,540 497 38,269 
 
Equipment
K Series Disfection Units 5 Each 266,250 1,331,250 300 $35.00 52,500 545.00 2,725.00 2,454 12,270 279,749 1,398,745 
Service Platform 5 Each 3,200 16,000 12 $35.00 2,100 0.00 0 3,620 18,100 

SPECIALTIES
UV Electrical Building 375 SF 68 25,500 2 $35.00 26,250 2.00 750.00 5 1,875 145 54,375 

Mechanical

 Steel Pipe
72" Piping Header - Suction 90 LF 278.00 25,020.00 11.00 $35.00 34,650.00 55.00 4,950.00 125.00 11,250.00 843.00 75,870.00 
72" Piping Header - Discharge 90 LF 278.00 25,020.00 11.00 $35.00 34,650.00 55.00 4,950.00 125.00 11,250.00 843.00 75,870.00 
48" Piping Header 100 LF 168.00 16,800.00 8.00 $35.00 28,000.00 35.00 3,500.00 86.00 8,600.00 569.00 56,900.00 
72" X 60" Reducer - Suction 1 Each 8,760 8,760 45 $35.00 1,575 450.00 450.00 0 10,785 10,785 
72" X 60" Reducer - Discharge 2 Each 8,760 17,520 45 $35.00 3,150 450.00 900.00 0 10,785 21,570 
48" 90 Bends 8 Each 8,765 70,120 45 $35.00 12,600 450.00 3,600.00 0 10,790 86,320 
48" Valves 10 Each 18,650 186,500 35 $35.00 12,250 453.00 4,530.00 0 20,328 203,280 
60" Butterfly Valve 2 EA. 37,000.00 74,000.00 55.00 $35.00 3,850.00 1,240.00 2,480.00 0.00 40,165.00 80,330.00 
48" Blind Flange 4 Each 1,545 6,180 8 $35.00 1,120 145.00 580.00 0 1,970 7,880 

SUBTOTAL 1,849,840 284,333 39,009 57,805 $2,230,987
OVERHEAD  &  PROFIT 170,185 26,159 3,589 5,318 $205,251
MOB / DEMOB 110,990 17,060 2,341 3,468 $133,859
GENERAL CONDITIONS 8.0% 147,987 22,747 3,121 4,624 $178,479

CONSTRUCTION COST 2,279,003 350,298 48,059 71,216 $2,748,600
NOTES:

BUILDERS RISK INSURANCE 0.90% $31,000 ELECTRICAL 15.00% $522,000
INSURANCE'S 1.00% $35,000 I&C 5.00% $174,000
TAXES 7.75% $143,363 BONDS 1.00% $37,449
LABOR BURDEN 32.00% $90,987 CONTINGENCY 0.00% $0 30 mgd 50 mgd

TOTAL CONSTRUCTION COST $3,782,399 3,502,650$            4062147.652

Subtotal $3,782,399 $3,502,650 $4,062,148
Engineering (18%) $680,832 $630,477 $731,187

Administration (3%) $113,472 $105,079 $121,864
Contingency (25%) $1,144,175.59 $1,059,551.52 $1,228,799.66

Total $5,720,878 $5,297,758 $6,143,998

Rounded $5,720,000 $5,300,000 $6,140,000



Chlorine Contactor

Slab Depth, ft 1.5
Wall Width, ft 1
Influent Water Channel Depth, ft 13
Contact Basin Channel Width, ft 7
Underflow Baffle Wall Depth, ft 7.5
Perforated Baffle Wall Depth, ft 9.5

DESCRIPTION QTY UNIT UNIT COSTTOTAL

Influent Water Channel Slab 12 CY 368 4416
Influent Water Channel Side Wa 17 CY 574 9949
Influent Water Channel Roof 8 CY 680 5440
84'' Gate 2 Ea 38000 76000
Underflow Baffle Wall 8 CY 574 4464
Perforated Baffle Wall 10 CY 574 5655
Channel Slab 258 CY 368 95067
Channel Center Walls 144 CY 574 82911
Channel Side Walls 195 CY 574 111654
Channel Roof 172 CY 680 117111
Effluent Water Channel Slab 28 CY 368 10222
Effluent Water Channel Side Wa 491 CY 574 281898
Effluent Water Channel Roof 19 CY 680 12593

SUBTOTAL 817380

Electrical % 3 24521
I&C % 2 16348

SUBTOTAL CONSTRUCTION COST 858249

Engineering % 18 154485
Administration % 3 25747
Contingency % 25 214562

TOTAL CONSTRUCTION COST 1253043

Rounded $1,260,000



Description Quantity Units Unit Price Total Cost
Clearwell Replacement 10,000,000 gallons $0.75 $7,500,000
Demolition of Existing Clearwell & Facilities 1 LS $1,000,000 $1,000,000

$0
$0
$0

Subtotal $8,500,000
Engineering (18%) $1,530,000

Administration (3%) $255,000
Contingency (25%) $2,571,250

Total $12,856,250

Rounded $12,856,000

Assumptions:
Build 1/2 of the new clear well where maintenance bldg is now
Relocate maint bldg and other facilities to east
Demo Existing 10MG clearwell
Build 2nd 1/2 of the new clear well adjacent to west of 5MG clearwell
Buried Concrete Reservior at same HGL as existing

First 5 MG CW
Description Quantity Units Unit Price Total Cost

New Clearwell 5,000,000 gallons $0.75 $3,750,000
Rock Excavation 1 LS $1,000,000 $1,000,000
Move Exist maint blds 1 LS $100,000 $100,000

$0
$0

Subtotal $4,850,000
Engineering (18%) $873,000

Administration (3%) $145,500
Contingency (25%) $1,467,125

Total $7,335,625

Rounded $7,336,000

Second 5 MG CW
Description Quantity Units Unit Price Total Cost

Clearwell Replacement 5,000,000 gallons $0.75 $3,750,000
Demolition of Existing Clearwell & Facilities 1 LS $1,000,000 $1,000,000

$0
$0
$0

Subtotal $4,750,000
Engineering (18%) $855,000

Administration (3%) $142,500
Contingency (25%) $1,436,875

Total $7,184,375

Rounded $7,184,000

Clearwell Replacement

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls Clearwell



Description Quantity Units Unit Price Total Cost
Chlorine Scrubber System 1 LS $120,000 $120,000
Installation 1 LS $50,000 $50,000

$0
$0
$0

Subtotal $170,000
Engineering (18%) $30,600

Administration (3%) $5,100
Contingency (25%) $51,425

Total $257,125

Rounded $260,000

Assumptions:
Includes secondary containment
2 ton unit
Outdoor facilities with footprint of (8x14)

Chlorine Scrubber

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls Scrubber



Description Quantity Units Unit Price Total Cost
Tank Storage and Feed 1 LS $150,000 $150,000
Chemical Tank Replacement 1 LS $80,000 $80,000

$0
$0

Subtotal $230,000
Engineering (18%) $41,400

Administration (3%) $6,900
Contingency (25%) $69,575

Total $347,875

Rounded $348,000

Assumptions:
New Ferric and Polymer Tank w/ pad and pump head rework
Replace Existing tanks w/ similar

Description Quantity Units Unit Price Total Cost
Chlorine Dioxide 1 LS $200,000 $200,000
Ferrous Sulfate Tank 1 LS $10,000 $10,000
Ferrous Sulfate Pump and Controls 1 LS $5,000 $5,000

Subtotal $215,000
Engineering (18%) $38,700

Administration (3%) $6,450
Contingency (25%) $65,038

Total $325,188

Rounded $325,000
Assumptions:
Chlorine Dioxide system in a bldg
If ClO2 used and no Cl2 gas on site ClO2 generation more expensive

Expanded Chemical Storage and Feed Facilities

Chlorine Dioxide Chemical Storage and Feed Facilities

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls Chem



Description Quantity Units Unit Price Total Cost
Chlorine Cyclinder Room Conversion 1 LS $60,000 $60,000
Hypo Tanks 2 ea $25,000 $50,000
Hypo Metering Pumps 4 ea $6,000 $24,000
Temp Facilities for Switch Over 1 ls $25,000 $25,000
Chem piping 1 ls $25,000 $25,000

Subtotal $184,000
Engineering (18%) $33,120

Administration (3%) $5,520
Contingency (25%) $55,660

Total $278,300

Rounded $278,000
Assumptions:
simple conversion to delivered hypochlorite
no on-site generation considered

Hypochlorite Facilities

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls Chem



Description Quantity Units Unit Price Total Cost
Mechanical Dewatering Facilities 6,000 dry lb/day $350 $2,100,000
Clarifier 1 ls 300,000$ $300,000

$0
$0

Subtotal $2,400,000
Engineering (18%) $432,000

Administration (3%) $72,000
Contingency (25%) $726,000

Total $3,630,000

Rounded $3,630,000

Assumptions:
Mechanical dewatering by centrifuges
New dewatering chemical facilities as necessary
Clarifier and thickener in front of centrifuges
Dewatering Tanks will be located at site of existing clearwell (minimal excavation)

Description Quantity Units Unit Price Total Cost
Mechanical Dewatering Facilities 1,500 dry lb/day $400 $600,000
Clarifier 1 ls 150,000$ $150,000

$0
$0

Subtotal $750,000
Engineering (18%) $135,000

Administration (3%) $22,500
Contingency (25%) $226,875

Total $1,134,375

Rounded $1,130,000

Residuals Handling Facilities - Ozone

Residuals Handling Facilities - Membranes

10/30/03 draft 10 yr plan estimates rev4 8_15_03.xls Mech Dewater



Process Train Cost to Treat
2003 $/Acft

$93.79

$116.58

$129.46

Assumptions:

Sweetwater Authority
Robert A. Perdue Water Treatment Plant

Proposed Plant Improvements

Existing Facility - 30 MGD Conventional Treatment

Opinion of Probable Operating Costs
Rough Order of Magnitude Estimates

3. Plant production is estimated at 25,000 Acft per yr for 30 
mgd plant and 32,00 Acft per yr (7,000+25,000) for 50 mgd 
plant.

50 MGD Facility - Conventional Treatment 

50 MGD Facility - Conventional Treatment w/ UV

1. Cost represent the cost to treat water regardless of source 
and does not include raw water pumping or delivery charges.

2.  Cost for Labor, Materials, and Chemicals for existing 
processes are based on past FY budget allocations escalated 
at 4% per year to 2003. 



Fixed Units
Flow 22.32 mgd Ave Day Demand 50mgd to 30 mgd ratio 1.28
Energy 0.12 $/KWh
Otay WD Take 6.25 mgd Ave Day Demand

Chemical Expendatures
Ferric Chloride Cost to treat (mgd) Cost to treat (mgd)
Hypochlorite 22.32 28.57
Sodium Hydroxide
Ammonia (aq)

Total Chem per year $268,750
$/acft

Total Chem per MGD $32.99 $10.75 $15.34

Chlorine Dioxide
Quote from Sterling Chemical 30 $/MG treated $244,395

Total Chem per year $244,395
$/acft

Total Chem per MGD $30.00 $9.78 $12.51
Flash Mixing 1
Flash Mix pump 7.5 installed hp 5.595 KW 8760 hrs of op per yr 0.12$      $/kwh 5,881$                      

$/acft
Total O&M per mgd 0.72$                        $0.24 $0.30

Floc & Sed Basin 2

Flocculators (2 stages) 15 installed hp 11.19 KW 8760 hrs of op per yr 0.12$      $/kwh 11,763$                    

Sludge Collection 10 installed hp 7.46 KW 120 hrs of op per yr 0.12$      $/kwh 107$                         

Sludge Pumps 60 installed hp 44.76 KW 120 hrs of op per yr 0.12$      $/kwh 645$                         

Total O&M per yr 13,000$                    
$/acft

Total O&M per mgd 1.60$                        $0.52 $0.67

Filter Cells count 4 1170 sq ft

Filter Inlet and outlert valves 32 installed hp 23.872 KW 40 hrs of op per yr 0.12$      $/kwh 114.59$                    

Filter Outlet valves 16 installed hp 11.936 KW 40 hrs of op per yr 0.12$      $/kwh 57.29$                      

Filter BW Valves 16 installed hp 11.936 KW 40 hrs of op per yr 0.12$      $/kwh 57.29$                      

Media replacement 10 cy 721$            per cy 2 # of replacements per yr 14,420$                    

Total O&M per yr 15,000$                    
$/acft

Total O&M per mgd 1.84$                        $0.60 $0.77

Ozone

Cost per acre-ft from Helix
$/acft $/mgd

Ozone Power $/acft 5.40$                        16.57$    

Ozone PS 90 installed hp 67.14 KW 8760 hrs of op per yr 0.12$      $/kwh 2.82$                        8.66$      

Chemicals $/acft 3.25$                        9.97$      

Repair (ls) 34,000$                    4.17$      

Labor and Parts
Labor 1 ls $1,007,763 $1,007,763

Parts/Supplies 1 ls $729,859 $729,859

Total O&M per yr 1,738,000$               
$/acft $/acft

Total O&M per mgd 213.34$                    $69.52 $86.90
BW water PS

Pumps
Installed HP 60      

Electricity 60           installed hp 44.76 KW 1460 hrs of op per yr 0.12$      $/kwh 7,842$                      

Total O&M per yr 8,000$                      
$/acft

Total O&M per mgd 0.22$                        $0.07 $0.09

Subtotal O&M per mgd Existing Plant 250.29$                    

Misc Equip @15% 37.54$                      
$/acft $/acft

Total O&M per mgd w/o O3 287.83$                    93.79$    $116.58

Subtotal O&M per mgd w/ O3 320.09$                    

Misc Equip @15% 48.01$                      
$/acft $/acft

Total O&M per mgd w/ O3 368.11$                    119.95$  133.90
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DAF Operating Costs

Pretreatment
Electrical Energy Cost

Hours of operation per day 24
Cost per KW/hr $0.12

Annual O&M
Hp / Load KW/Ea. KW/Day $ / Day $ / year $ / 20 year

60 44.76 4296.96 $516 $188,207 $3,764,137 $188,207

Polymer Costs

Cost per # of Polymer $1.50
Polymer Feed Rate 0.3 ppm

Flow (mgd) #/day $ / Day $ / year $ / 20 year
30 75.11 $113 $41,120 $822,400 $41,120

Parts & Labor Costs

Labor Rate w/ benefits (per hr) $25

Mn/hrs/yr Mn/hr/$/yr Mn/hr/$/20year
0 $0 $0.00 $0

Parts/year Parts/$/20year
15,000$        $300,000 15,000$      

30 mgd 45 mgd
Total O&M per yr 244,000$    

$/acft $/acft
Total O&M per mgd 29.95$        $9.76 $12.49
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Water Treatment Plant Process Specific Reference List

Chlorine Dioxide:
1. Lopez WTP, Arroyo Grande, CA, Craig Kesler 805-473-7176, Cl2 Gas operation, a

lot of operational and THM impact data
2. Randall-Bold WTP, Contra Costa, CA, Steve Hickman 925-625-6503, Electro

Chemical Process, Start up 5/16/03
3. Escondido/Vista WTP, Currently offline, Chemical supplied by Sterling Pulp and

generator by Saber Chemicals

Ozone:
1. Randall-Bold WTP, Contra Costa, CA, Steve Hickman 925-625-6503, 1990 Ozone

added
2. Levy WTP, Larry Lyford, 619-443-1031

Membranes:
Zenon Zeeweed 500s
1. Olivenhain, WTP
2. Eastern Municipal WD Perris WTP, Perris, CA, Mike Meyerpeter 909-928-3777, 20

mgd plant in the process of startup

Zenon Zeeweed 1000s
1. Collingwood, Ontario, 1.2 mgd, 2000
2. Shoshone, Colorado
3. Germany, 0.25 mgd, 2000
4. In Construction, South San Joaquin ID, CA, 36 mgd, 2004
5. In Construction, Duck River, TN, 9.5 mgd, 6/03

USFilter - CMFS Membranes
1. No Installations in US, Plant in Victoria, Australia
2. Under Contract, Orange Co. WD
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Sweetwater Authority
Robert A. Perdue Water Treatment Plant Water Quality Studies

Master Plan Workshop No. 1

Meeting Minutes

Date: January 13, 2003
Time: 1:00 p.m.
Location: R.A. Perdue WTP, Conference Room
Attendees:
Pete Baranov (SWA) Ed Jabari (MWH)
Bill Barsch (SWA) Scott McClelland (MWH)
Mark Hatcher (SWA) William Moser (MWH)
Mary Ann Mann (SWA) Christine Waters (MWH)
Don Thomson (SWA)
Jim Smyth (SWA)

Minutes:
The purpose of the first workshop is to solicit input from Sweetwater Authority (SWA)
staff on the master planning.  MWH presented the master plan objectives, tasks,
processes considered, schedule, and preliminary site layouts.

SWA reported they are pursuing grant funding for chlorine dioxide testing.  No chlorine
dioxide testing has begun yet.

The plant is currently obtaining alternative compliance to enhanced coagulation due to
raw and treated water SUVA values.  This could change if State Project Water or local
runoff becomes the primary plant raw water supply.  The plant has operated under
enhanced coagulation one day a month and various problems were seen, including sludge
handling, turbidity problems, and short circuiting at reservoir intake.  Alternatives such as
relocating the solids discharge, filter improvements, and basin sludge collection would be
considered during the preliminary design.

SWA has continued Cryptosporidium testing over the past three months.  All results have
been Non Detect, but there has not been much local runoff in the plant raw water supply.

MWH stated design and construction of a large project could take about 5 years.  A
clearwell replacement would take about 2 years for design and construction.

There is currently no disinfection credit for ultraviolet irradiation.  A chlorine contactor
would be recommended to serve as backup to UV or ozone.  The Calgon patent issue for
Cryptosporidium inactivation by UV is still in the courts.

Clearwell Constraints
MWH stated that there are site constraints that limit the usable volume of the clearwell or
replacement.   Installing UV and a chlorine contact basin would add about 5 ft of head
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loss upstream of the clearwell.  The high water level is limited to the existing level, less
any additional headloss due to new processes, unless pumping is added.  The clearwell
floor is at elevation 250 and the discharge pipe has an invert elevation of 249 and runs
level past the dam.  The bottom of the clearwell cannot be lowered to increase the storage
volume unless the discharge pipeline is rerouted and lowered.  Construction of a new
discharge pipeline would require blasting near the dam abutment or tunneling and could
require Department of Safety of Dams approval.  SWA performs DSOD reporting in-
house and retains GEI on an as-needed basis.  Burying the discharge pipeline or
providing a redundant discharge was recommended in the Vulnerability Assessment,
although costs were not considered.  The usable volume of the clearwell at low water
levels is also restricted by the outlet pipe arrangement.

MWH stated that the Master Plan showed an excess storage capacity in the gravity zone
and asked SWA to consider a smaller clearwell at the water treatment plant.  SWA stated
the 10 mg clearwell provides volume for an 8-hour shutdown at 30 mgd plant flow.  The
amount of storage varies at the other water treatment plants in the county.  Clearwell
capacity also provides redundancy recommended in the Vulnerability Assessment.

The Bonita Valley Reservoir has a single inlet and outlet line.  SWA explained they force
the reservoir to cycle by throttling a valve downstream of the clearwell to restrict flows
from the clearwell.  A fairly long run of piping would be needed to separate the reservoir
inlet and outlet lines.  A high head out of the plant is also desired to minimize pumping
costs in the system.

Basins/DAF/Ozone/Filtration
A third basin or conversion of the existing basins to Dissolved Air Flotation (DAF)
would be needed for a plant capacity increase to 45 mgd.  It is unknown if pre-blasting
was performed during the original basin construction.  MWH will check if Wes Bender,
the blasting consultant, has any records.  Design and installation of DAF would require
pilot testing.  Although DAF would require a lower coagulant dose, enhanced coagulation
would still need to be addressed.  Funding for an expansion from 30 mgd to 45 mgd
would be in partnership with Otay Water District and the San Diego County Water
Authority.

MWH presented alternatives based on keeping the existing filters.  If new filters are to be
constructed other alternatives, such as membranes or a new plant, could be considered.
MWH reported that pilot testing revealed that Olivenhain’s membrane plant would not be
able to treat Lake Hodges water.  This has negative implications for membranes working
on Sweetwater local supplies and variable sources.

SWA reported Brady and Associates performed a study on filter improvements.  SWA
acknowledged there is structural deterioration of the filter walls and the aggregate is
exposed, and similar deterioration in the basins.  Brady and Assoc. recommended coating
of the walls, stainless steel plates at the subsurface agitators, and addition of a wall
washdown.
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Filter modifications being considered include replacing the anthracite with GAC and
running biologically active filters.  SWA asked MWH to consider salvaging the new filter
valves and controls in any filter replacement.

SWA has done some media replacement over the past few years, but not a full media
replacement.  It appears that less media is being lost since the backwash cycle was
automated.

SWA suggested the alternative LOX and chemical storage area be located higher up the
hill to allow truck access and turnaround, without interfering with plant access.  MWH
stated locating intermediate ozone north of the basins would preclude a third basin being
added in the future.  SWA reported any decision on expanding plant capacity would not
be made within the next six months.

Chlorine Contact Basin/UV/Clearwell
MWH presented several clearwell location and phasing alternatives.  SWA stated the
clearwell needs to be replaced for various reasons.  MWH explained the clearwell could
be moved further east with a larger footprint, but the discharge pipeline problems
increase.  The solids handling facilities could be moved further to the east than shown
and could be sited along an access road following the existing dirt road.  SWA is
considering moving the gate up to the wye in the road.  Solids truck access to the plant
would need to be through the security gate.  SWA would like to keep the trucks away
from the operations building front door if possible.  MWH said the roadway behind the
filters could be widened if the clearwell was relocated.

MWH asked how comfortable SWA would be if the clearwell was taken out of service
for an extended period during construction of a new clearwell.  SWA stated the clearwell
provides a level to monitor, supplies the filter backwash tanks, and prevents flow
reversals.

Chlorine Dioxide
Chlorine dioxide is currently being considered as a preoxidant, not for CT.  The type of
feed system used will depend on whether the chlorine gas system is kept.  SWA said
there are benefits to replacing the chlorine gas system and no scrubber would be needed.
Although chlorine dioxide would probably help with some odor problems, it would not
help with MIB and Geosmin.  There are also possible odor problems if free chlorine is
present.

The use of chlorine dioxide as a main disinfectant was discussed.  MWH suggested SWA
contact San Luis Obispo for information.  Using chlorine dioxide as the main disinfectant
would require more testing.  SWA is also concerned about the trigger for public
notifications if using for CT.
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Master Plan Considerations
SWA stated the Board wants to address taste and odor concerns, as well as regulations.
Higher ozone doses are needed for control of MIB and Geosmin.  The use of carbon
dioxide or acid would be considered in the preliminary design phase.

SWA stated enhanced coagulation could be required soon and causes problems for the
plant.  During the one day a month enhanced coagulation was practiced, there were
bridge problems and the sludge line clogged.  Enhanced coagulation is based on TOC and
installation of ozone/UV does not exempt it.

SWA will provide MWH a copy of the environmental area restrictions around the plant
site.
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Master Plan OverviewMaster Plan Overview
■■ Develop alternatives for the Develop alternatives for the PerduePerdue WTP WTP

that meet future regulations, SWA treatedthat meet future regulations, SWA treated
water objectives, and capacity needswater objectives, and capacity needs

■■ Three-month studyThree-month study
■■ Interactive workshops with SWA staff andInteractive workshops with SWA staff and

board membersboard members
■■ Product will be an “informal” reportProduct will be an “informal” report
■■ Not aNot a Predesign Predesign Report Report

 MWH Meeting Objective MWH Meeting Objective

MAXIMUM INPUTMAXIMUM INPUT
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Key Master Plan TasksKey Master Plan Tasks

■■ Design Criteria, Sizing of Processes,Design Criteria, Sizing of Processes,
HydraulicsHydraulics

■■ Site LayoutsSite Layouts
–– 2 alternatives, each at 30 and 45 MGD2 alternatives, each at 30 and 45 MGD

■■ Capital and O&M Cost EstimatesCapital and O&M Cost Estimates

■■ Schedule to Complete (Meet Schedule to Complete (Meet RegsRegs))

Facilities to be ConsideredFacilities to be Considered
Modification and/or ExpansionModification and/or Expansion
■■ Flocculation, Sedimentation, FiltrationFlocculation, Sedimentation, Filtration
■■ Conversion to Sodium Conversion to Sodium HypochloriteHypochlorite
■■ ReplacementReplacement Clearwell Clearwell

NewNew
■■ Ozone, UV, Chlorine DioxideOzone, UV, Chlorine Dioxide
■■ Chlorine Contact BasinChlorine Contact Basin
■■ Solids HandlingSolids Handling
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** Ozone Following Floc/ Ozone Following Floc/Sed Sed w/ Pumpingw/ Pumping
* * UV Following FiltersUV Following Filters
* * CCB Following UVCCB Following UV
* * New New ClearwellClearwell

Rapid
Mix Filters

Flocculation/
Sedimentation

UV Clearwell

System

Potential Ultimate Treatment
Process Configuration

Potential Ultimate TreatmentPotential Ultimate Treatment
Process ConfigurationProcess Configuration

Intermediate
Ozone

Chlorine
 Dioxide

Chlorine
Contactor

Clearwell Clearwell ConstraintsConstraints

■■ Transmission pipeline invert elevation @Transmission pipeline invert elevation @
249.00 249.00 mslmsl

■■ Constrains floor elevationConstrains floor elevation

■■ Addition of UV and CCB drops HWLAddition of UV and CCB drops HWL
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Process units are shown for 45 MGD capacity,Process units are shown for 45 MGD capacity,
for 30 MGD units would be the same size orfor 30 MGD units would be the same size or

smaller.smaller.

Floc/Floc/Sed Sed AlternativesAlternatives
for 45 MGDfor 45 MGD

3rd Floc/Sed Basin
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Floc/Floc/Sed Sed AlternativesAlternatives
for 45 MGDfor 45 MGD

Basin Conversion to DAF

Ozone and Filter AlternativesOzone and Filter Alternatives
for 45 MGDfor 45 MGD

Ozone Facilities

2 New Filters

3rd Floc/Sed Basin
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Ozone and Filter AlternativesOzone and Filter Alternatives
for 45 MGDfor 45 MGD

Ozone Facilities

2 New Filters

Basin Conversion to DAF

UV/CCB/UV/CCB/ClearwellClearwell/Solids/Solids
Siting Option 1 - Phased Siting Option 1 - Phased ConstConst

of of ClearwellClearwell

UV
Solids

CCB

Clearwell
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UV/CCB/UV/CCB/ClearwellClearwell/Solids/Solids
Siting Option 2 - Keep ExistingSiting Option 2 - Keep Existing

ClearwellClearwell

UV

CCB

Solids

CCB

UV/CCB/UV/CCB/ClearwellClearwell/Solids/Solids
Siting Option 3 - Temp use CCBSiting Option 3 - Temp use CCB

as as ClearwellClearwell

UV

Clearwell
Solids
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Siting AlternativesSiting Alternatives
ManipulationManipulation

Master Plan ScheduleMaster Plan Schedule
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Microbial Framework forMicrobial Framework for
Long-term (2) ESWTRLong-term (2) ESWTR

■■ 24 months monitoring to classify plants into24 months monitoring to classify plants into
different different CryptosporidiumCryptosporidium source water source water
concentration ranges (bins)concentration ranges (bins)

■■ Toolbox of available control measures forToolbox of available control measures for
meeting treatment requirementsmeeting treatment requirements

●● watershed control options, treatmentwatershed control options, treatment
options, filter performanceoptions, filter performance
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Treatment Requirements forTreatment Requirements for
Conventional PlantsConventional Plants

■■ ((Bin 1Bin 1) <0.075 ) <0.075 oocystoocyst/L – no treatment/L – no treatment

■■ ((Bin 2Bin 2) 0.075) 0.075 oocyst oocyst/L – <1.0 /L – <1.0 oocystoocyst/L/L
→→ 1 log reduction in  1 log reduction in CryptosporidiumCryptosporidium

■■ ((Bin 3Bin 3) 1.0) 1.0 oocyst oocyst/L – <3.0 /L – <3.0 oocystoocyst/L /L →→
2 log reduction2 log reduction

■■ ((Bin 4Bin 4) >3.0) >3.0 oocyst oocyst/L /L →→ 2.5 log 2.5 log
reductionreduction

Microbial ToolboxMicrobial Toolbox

■■ Lower finished water turbidity,Lower finished water turbidity,
■■ Lower individual filter turbidity,Lower individual filter turbidity,
■■ Watershed control program,Watershed control program,
■■ Membranes,Membranes,
■■ Chlorine dioxide,Chlorine dioxide,
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UV Disinfection

Ozone Disinfection
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Current Time Line For Stage 2 DBPCurrent Time Line For Stage 2 DBP
Rule and LT(2) ESWTRRule and LT(2) ESWTR

20022002 20032003 20042004 20052005 20062006 20072007 20082008 20092009 20102010

Stage 2 DBP and LT(2)ESWTR ProposedStage 2 DBP and LT(2)ESWTR Proposed
Stage 2 and LT(2) ESWTR FinalStage 2 and LT(2) ESWTR Final

IDSE Report DueIDSE Report Due
Crypto Crypto MonitoringMonitoring
CompleteComplete

Comply Stage 1 - RAAComply Stage 1 - RAA
Comply 120/100 - LRAAComply 120/100 - LRAA

Comply with Comply with MCLs MCLs using LRAA, new sitesusing LRAA, new sites
and LT(2) ESWTR (two year extensionsand LT(2) ESWTR (two year extensions
possible)possible)

++ Multi-Barrier  Multi-Barrier DisinfectionDisinfection
+ + Lower Lower Disinfection Disinfection By-ProductsBy-Products
+ + Protection Against Protection Against BioterrorismBioterrorism
+ + Improved Taste and OdorImproved Taste and Odor

Rapid
Mix Filters

Flocculation/
Sedimentation

UV Clearwell

System

Full Range of Potential
Treatment Processes

Full Range of PotentialFull Range of Potential
Treatment ProcessesTreatment Processes

Intermediate
Ozone

Chlorine
 Dioxide

Chlorine
Contactor
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Figure 1
Perdue WTP Upgrade and Expansion

DRAFT Master Plan Flow Diagram
NOMINAL FLOW = 45 MGD

DRAFT (13-January 2003) 

 

LEGEND
RWPS = Raw Water Pump Station
RM = Rapid Mix
GAC = Granular Activated Carbon
PAC = Powdered Activated Carbon
IPS = Intermediate Pump Station
MPS = Membrane Pump Station
WBWW = Waste Backwash Water
SBS = Sodium Bisulfite
CTS = Calcium Thiosulfate
THM = Trihalomethane

Media 
Filters

IPS

- Relocate WBWW     
   Discharge
- New Underdrains
- Media Options
- Potential for filter rating 
   increase (>30 mgd)
- Biologically Active
   Filters

- Crypto  inactivation 
- HPC reduction

SBS or
CTS

Ozone 
Contactor

Acid

Ferric,
Polymer,
NH3, Cl2,
Filter aid,

Spare Chem 

Caustic

SWR

CURRENT WTP

10 MG Clearwell
Media 
FiltersRWPS

Cl2, Ferric, 
or KMnO4

Cl2, 
KMnO4

Cl2, Filter 
aid, PAC,
Spare chem

Cl2,NH3,
Caustic,
Zinc Ortho-P

UV

RM Floc

RM Floc

Sed.

Sed.

Polymer, 
Ferric, Cl2, 
Spare Chem

Filter aid
(2nd stage)

Cl2

To
Distribution

RWPSSWR

- Giardia  and virus 
   inactivation
-Taste & odor 
    reduction

New 
Clearwell

To
Distribution

RM

RM Floc

RM Floc

Ferric

Chlorine
Contact Basin

NH3Cl2

- Chemical Disinfection 
   Redundancy

- Coagulation optimized for cost 
   and TOC reduction
- Third basin  or High-rate DAF  
    for 45 MGD
- Upstream Polymer addition point

ClO2

Raw CWA
Water

Raw CWA
Water

Polymer
ClO2

Caustic,

FUTURE WTP

Floc

- Chlorine dioxide for THM 
   reduction, Iron and 
   Manganese oxidation, 
   algae control, and 
   taste and odor 
   reduction

Process Schematics.xls/Master Plan Schematic 10/29/03 Page 1



Sed Basin End Weir
 Weir

Ozone Inlet HWL Ozone Outlet HWL
Sed Basin Effluent Plant Overflow +

Flash Mix Water Sed Basin Water Channel Weir
Elev Elev

Filter HWL

Filter Influent
HWL Trough Lip

CCB Effluent Channel
Top Reactor CCB Influent HWL

Channel
Clearwell HWL

Elev

Floor

Floor Floor
Elev

Floor

NOTES: (1) The hydraulic profile presented here assumes the use of a Chlorine 
Contact Basin (CCB).  This configuration is assumed to represent the
disinfection option with the highest headloss.

(2) The elevation of the CCB bottom has been chosen based on maintaining
approximately 6 inches of free water drop over the CCB effluent weir for 
purposes of ammonia mixing.

(3) UV system losses are based on a 5 reactor configuration (4 duty + 1 standby,
13.3 MGD per reactor)

(4) Floor slab elevation for the UV system is based on submergence of the UV 
reactors under all flows up to 45 mgd. If no CCB is used, submergence of the
UV system would depend upon the clearwell water level, and a standpipe
would be recommended.

(5) HGL for 45 MGD based on addition of another floc/sed basin and two
filters as well as other shown improvements.

256.0

287.00

284.86 284.30

282.76

285.00

263.7

264.0
263.8

266.4
266.0

277.75

HGL

283.17

SWEETWATER AUTHORITY
PERDUE WTP MASTER PLAN

PRELIMINARY HYDRAULIC PROFILE (1) (DRAFT 1/13/02)
NOMINAL FLOW = 45 MGD (5)

289.50
284.50

284.00

249.0

267.00

283.50

269.00

282.00

510.00

255.8

UV DISINFECTION (3)

CLEARWELL

FILTERS

FLOCCULATION AND SEDIMENTATION BASINS
FLASH MIX

STRUCTURE

CHLORINE CONTACT BASIN (2)

P

OZONE
CONTACTOR

Printed on 10/29/03 first cut hydraulics.xls 1
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APPENDIX O



M  E  M  O  R  A  N  D  U  M

To: Sweetwater Authority Date: May 13, 2003

From: MWH
RBA

Reference: 1430474

Subject: Perdue WTP Master Plan – Workshop #2

Workshop date and time:  Tuesday May 13, 2003; 1:00 pm

Workshop location:  Perdue WTP Training Room

Purpose:
The objectives of the Perdue WTP Master Plan Workshop #2 are to:

1. Review the overall treatment train options for the Perdue WTP that will result in full
regulatory compliance and achievement of SWA’s water quality objectives.

2. Discuss alternative site layouts, project phasing, and construction and O&M costs for
treatment train options

Agenda:
1. Project Background

2. SWA Treatment Goals

3. Process Train Options

� Intermediate Ozone

� Submerged MF/UF Membranes

� UV and Chlorine Contact Basin Options

� Chlorine Dioxide

4. Site Layout Options

5. Estimated Construction and O&M Costs

6. Project Phasing

7. Contents of Master Plan Report
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DISINFECTION CREDIT TABLE(1)

Process Technology Virus Cryptosporidium Giardia
Submerged Membranes (3)

Zenon 1000 3.5 4 4
Zenon 500 2 4 4
US Filter CMFS 0.5 4 4

Ozone 2 0.5 0.5
Ultra Violet Inactivation(2) - 2 2

(1) DHS currently is requiring multiple barrier disinfection systems on all WTPs.  This could take the
form of one primary barrier with a chemical such as Sodium Hypochlorite as a second barrier.

(2) DHS does not currently recognize any disinfection credit for UV systems.  Credits shown here are
anticipated credits pending LT2ESWTR final release.

(3) Existing membrane facilities required to get 0.5 log giardia disinfection credit with free chlorine in
addition to credits given for membranes alone.  DHS may require additional removal/inactivation
credits for different process scenarios.



PRIMARY DISINFECTION ALTERNATIVES COMPARISON

Process Technology
Submerged
Membranes

Intermediate Ozone Ultra Violet Inactivation
(Post Filters/LPHI)

DHS Position Relatively new
technology with DHS

acceptance

Widely accepted
technology with DHS

acceptance

No DHS acceptance yet

Enhanced
Coagulation (EC)

None Required Required Required

Chemical
Consumption

Low High None

Additional
Chemicals Req’d

Citric Acid, Sodium
Bisulfite (periodic
cleaning agents)

Sulfuric Acid, Calcium
Thiosulfate, LOX
(every day use)

Citric Acid
(periodic cleaning agent)

Maintenance/
Relaibility

Automated system w/
maint required on mech
equip (valves, pumps,

blowers),

Automated, minimal
maint as there are few
moving parts, many
chem systems req’d,

Automated system that requires
multiple layers of power

redundancy, very little maint

Equipment Life Estimated at 10 yrs Some systems in
operation for 30+ yrs

Typical bulb life of 12,000 +
hrs

Power
Consumption

Same as ozone Same as membranes Less than membranes/ozone

Sludge Production Less sludge More sludge No impact
T&O Reduction Not by membranes but

some if using PAC or
ClO2 ahead of

membranes

Some T&O reduction
but minimal

MIB/Geosmin
reduction

None

Organics Removal Some with pretreatment Use of EC and BAF
provides good removal

of organics

None

Effect on DBPs
assuming free
chlorine for some
level of chemical
disinfection

Unknown Lower chlorinated
DBPs, may form

bromate

Unknown

Waste Disposal Limited None Limited
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Perdue WTP Master Plan
DRAFT Treatment Train Alternatives - Advantages and Disadvantages

NOMINAL FLOW = 45 MGD

DRAFT (13-May 2003) 

Note: Shading indicates existing facility

LEGEND
RWPS = Raw Water Pump Station
RM = Rapid Mix
GAC = Granular Activated Carbon
PAC = Powdered Activated Carbon
DAF = Dissolved Air Flotation
IPS = Intermediate Pump Station
MPS = Membrane Pump Station
WBWW = Waste Backwash Water
SBS = Sodium Bisulfite
CTS = Calcium Thiosulfate
T&O = Taste and Odor
HPC = Heterotrophic Plate Count

 

ADVANTAGES DISADVANTAGES

Reduction of chlorinated DBPs DAF basin necessary for 45 mgd
Reduction of taste and odor compounds, including MIB and Geosmin at high doses Ozone doses needed for MIB/Geosmin require significant acid addition to control bromate
Good organics removal with enhanced coagulation and biologically active filters More chemicals required (liquid oxygen, acid, caustic, sodium bisulfite) and resulting increase in TDS
Effective inactivation of virus, bacteria, and protozoans Enhanced coagulation required (more ferric and caustic needed, more sludge produced, degradation of concrete, shorter filter runs,…)
May be effective against trace contaminants (endocrine disruptors) Clearwell volume reduced by hydraulic impacts of UV and Chlorine Contact Basin downstream of existing filters
Side-by-side comparison of existing and new pretreatment processes Increased mechanical and instrumentation maintenance
Ozone is proven, DHS accepted technology
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Perdue WTP Master Plan
DRAFT Treatment Train Alternatives - Advantages and Disadvantages

NOMINAL FLOW = 45 MGD

DRAFT (13-May 2003) 

Note: Shading indicates existing facility

LEGEND
RWPS = Raw Water Pump Station
RM = Rapid Mix
GAC = Granular Activated Carbon
PAC = Powdered Activated Carbon
DAF = Dissolved Air Flotation
IPS = Intermediate Pump Station
MPS = Membrane Pump Station
WBWW = Waste Backwash Water
SBS = Sodium Bisulfite
CTS = Calcium Thiosulfate
T&O = Taste and Odor
HPC = Heterotrophic Plate Count

 

ADVANTAGES DISADVANTAGES

Reduction of chlorinated DBPs Ozone doses needed for MIB/Geosmin require significant acid addition to control bromate
Reduction of taste and odor compounds, including MIB and Geosmin at high doses More chemicals required (liquid oxygen, acid, caustic, sodium bisulfite) and resulting increase in TDS
Good organics removal with enhanced coagulation and biologically active filters Enhanced coagulation required (more ferric and caustic needed, more sludge produced, degradation of concrete, shorter filter runs,…)
Effective inactivation of virus, bacteria, and protozoans Clearwell volume reduced by hydraulic impacts of UV and Chlorine Contact Basin downstream of existing filters
New floc/sed basins or DAF may be designed for 45 mgd Increased mechanical and instrumentation maintenance
Reduced pumping when using CWA water
Ozone is proven, DHS accepted technology
Use existing floc/sed area for ozone facilities
Ozone may be effective against trace contaminants (endocrine disruptors)
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Perdue WTP Master Plan
DRAFT Treatment Train Alternatives - Advantages and Disadvantages

NOMINAL FLOW = 45 MGD

DRAFT (13-May 2003) 

Note: Shading indicates existing facility

LEGEND
RWPS = Raw Water Pump Station
RM = Rapid Mix
GAC = Granular Activated Carbon
PAC = Powdered Activated Carbon
DAF = Dissolved Air Flotation
IPS = Intermediate Pump Station
MPS = Membrane Pump Station
WBWW = Waste Backwash Water
SBS = Sodium Bisulfite
CTS = Calcium Thiosulfate
T&O = Taste and Odor
HPC = Heterotrophic Plate Count

 

ADVANTAGES DISADVANTAGES

No major modifications to floc/sed process Little removal of dissolved organics
Fewer new structures; maximize use of existing facilities THM formation may be an issue (bench-scale testing needed)
Clearwell volume not limited by hydraulics Some filter mechanical/structural modifications required
Enhanced Coagulation not required Dependent on chlorine, chlorine dioxide, and PAC for taste and odor reduction
Fewer chemicals than ozone Increased mechanical and instrumentation maintenance
May not need solids handling facilities
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Perdue WTP Master Plan
DRAFT Treatment Train Alternatives - Advantages and Disadvantages

NOMINAL FLOW = 45 MGD

DRAFT (13-May 2003) 

Note: Shading indicates existing facility

LEGEND
RWPS = Raw Water Pump Station
RM = Rapid Mix
GAC = Granular Activated Carbon
PAC = Powdered Activated Carbon
DAF = Dissolved Air Flotation
IPS = Intermediate Pump Station
MPS = Membrane Pump Station
WBWW = Waste Backwash Water
SBS = Sodium Bisulfite
CTS = Calcium Thiosulfate
T&O = Taste and Odor
HPC = Heterotrophic Plate Count

 

ADVANTAGES DISADVANTAGES

No major modifications to floc/sed process Little removal of dissolved organics
Enhanced Coagulation not required THM formation may be an issue (bench-scale testing needed)
Can use existing filters as GAC contactors for T&O reduction (No PAC) Some filter mechanical/structural modifications required
Fewer chemicals than ozone Dependent on chlorine, chlorine dioxide, and PAC for taste and odor reduction
May not need solids handling facilities Clearwell volume reduced by hydraulic impacts of UV and Chlorine Contact Basin downstream of existing filters

Increased mechanical and instrumentation maintenance
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Process Train Cost to Treat 30 MGD Cost to Treat 45 MGD
2003 $/Acft 2003 $/Acft

$93.79 N/A

$120.21 $137.59

$129.71 $147.09

$120.47 $137.85

$108.87 $126.25

$117.19 $134.57

Assumptions:

Sweetwater Authority
Robert A. Perdue Water Treatment Plant

Proposed Plant Improvements

1. Cost represent the cost to treat water regardless of source and 
does not include raw water pumping or delivery charges.

2.  Cost for Labor, Materials, and Chemicals for existing 
processes are based on past FY budget allocations escalated at 
4% per year to 2003.
3. O&M Cost for Membranes includes cost for replacement of 
membrane modules at 10 yr increments.

4. Plant production is estimated at 25,000 Acft per yr for 30 mgd 
plant and 41,800 Acft per yr (16,800+25,000) for 45 mgd plant.

Membranes - 2 ClO2,  Exist floc/sed, Membranes, GAC Filters, 
CCT w/o UV

Membranes - 1 ClO2, Exist floc/sed, Membranes, CCT w/o UV

Ozone -2 ClO2, Floc Sed (2), Ozone, Filters, CCT w/o UV

Ozone - 1 ClO2, 3rd floc Sed, Ozone, Filters, CCT w/o UV

Ozone -1 ClO2, DAF, Ozone, Filters, CCT w/o UV

Opinion of Probable Operating Costs
Rough Order of Magnitude Estimates

Existing Facility
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M E M O R A N D U M

MWH

To: Jim Smyth
Don Thomson Date: October 20, 2003

From: Bill Moser
Ed Jabari File No.: 1430474

Subject: (FINAL DRAFT) Summary of Bench-Scale Disinfection By-Product Evaluation

Present Situation of the Sweetwater Authority

The Robert A. Perdue Water Treatment Plant (WTP) is located in Spring Valley, California and
is owned and operated by the Sweetwater Authority (SWA), whose service area includes
National City, most of Chula Vista, and several unincorporated communities in the South Bay
area of San Diego.  The Perdue WTP utilizes a conventional treatment scheme to process up to
30 million gallons per day (MGD) of raw water from Sweetwater Reservoir (SWR) and/or the
San Diego County Water Authority (CWA) Pipeline No. 3.  Treated water from the CWA
Pipeline No. 4 may also be delivered directly to the WTP 10 million gallon clearwell.

The development of possible improvement scenarios for the WTP is underway to help address
increasing demands as well as new and anticipated regulations.  These improvements have been
developed around available water qualities.  It is understood, however, that these water qualities
do not necessarily represent the full range of water qualities that the WTP may encounter.

In June 2003, SWA held a peer review meeting to evaluate the plant and process information
available to date and to identify a preferred treatment process train that has the potential to meet
SWA’s project budget and the Stage 2 DBP Rule and Long Term 2 Enhanced Surface Water
Treatment Rule.  The results of the peer review are summarized in a separate memorandum dated
July 7, 2003.  The process train that was selected by SWA subsequent to the peer review meeting
includes the following improvements:

•  Chlorine dioxide (ClO2) pre-oxidation
•  Powdered activated carbon (PAC) for taste and odor control
•  New flocculation/sedimentation facilities
•  One additional anthracite/sand media filter
•  Ultraviolet (UV) disinfection (Phase 2)
•  Chlorine contact basin (CCB)
•  New clearwell (Phase 2)

In order to determine if the proposed process train will result in compliance with the upcoming
disinfection by-product regulations, while treating 100% Sweetwater Reservoir water, MWH
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Bench-Scale Studies
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conducted a bench-scale investigation, using a blend of local source waters prepared by SWA
staff that is presumed to be representative of the poorer water quality that would be expected at
the plant.  This memorandum summarizes the results of the bench-scale testing.  Additional full-
scale testing of chlorine dioxide for pre-oxidation will be started in October 2003.

Testing Results

Raw Water Characterization

A raw water sample was a blend of Sand Pit Pond (50%) and Sweetwater Reservoir (50%)
waters, collected on July 24, 2003 by the SWA lab and delivered to MWH’s Applied Research
Department.  Table 1 provides the raw water quality results for this sample.

Table 1
Raw Water Quality for Bench-Scale Testing Sample (July 24, 2003)

TOC mg/L 7.8

DOC mg/L 6.4

UV254-unfilt abs 0.141

UV254-filt abs 0.107

pH 8.51

Alkalinity mg/L 178

Color (apparent) Pt.Cu 59

Color Pt.Cu 9

Ammonia -N mg/L < 0.1

Turbidity NTU 5

Temperature °C 19

Bromide mg/L 0.52

Chloride mg/L 244

Total Hardness mg/L as CaCO3 398

SUVA L/mg-m 1.67

Chlorine Dioxide Dosing and Chlorite/Chlorate Formation

The initial chlorine dioxide demand of the raw water was found to be approximately 0.4 mg/L.
Based on these results a minimum ClO2 dose of 0.4 mg/L to 0.5 mg/L would be needed to fully
satisfy the raw water demand of this water and impart a slight ClO2 residual.  This range of pre-
ClO2 doses resulted in chlorite and chlorate concentrations of 0.34 mg/L and 0.02 mg/L,
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respectively.  These values are well below the chlorite MCL of 1.0 mg/L and chlorate California
Department of Health Services (DHS) Action Level 0.8 mg/L, and no additional treatment would
be necessary.  A ClO2 dose of 0.4 mg/L was used in the subsequent DBP formation testing.

Figures 1 and 2 show chlorine dioxide by-product formation as a function of ClO2 dose at 25
minutes (after 2nd stage of flocculation) and 170 minutes (end of sedimentation basin).  If ferrous
chloride (or ferrous sulfate) is used to quench the residual ClO2 and control chlorite, it would
likely be added at the flash mix or after the 2nd floc stage.  Without provisions for chlorite
control, the chlorine dioxide dose would be limited to approximately 1.3 mg/L.

Figure 3 shows required CT for disinfection of viruses (2-log inactivation) and Giardia (0.5-log
inactivation) as a function of water temperature.  Figure 4 plots CT credit versus ClO2 dose for
this water sample, assuming the contact time occurs in the piping from the intake tower to the
flash mix (5 minutes). At the temperature at which the tests were performed (21oC), the required
ClO2 dose for disinfection compliance (CT = 2.4 mg-min/L) would be approximately 1.1 mg/L.
However, the DHS advises utilities to design their chemical disinfection systems to provide
adequate CT at their lowest expected influent temperatures.  For the Sweetwater Reservoir, the
lowest water temperature is assumed to be 10°C, which would translate to a CT requirement of
4.0 mg-min/L and 4.2 mg-min/L, respectively, for 0.5-log Giardia and 2-log virus inactivation.
For this water sample, a ClO2 dose of approximately 1.6 mg/L would be necessary to achieve
disinfection compliance.  It is important to note that the tests were not performed at 10°C.
Assuming this is the worst water quality expected at the plant, the 1.6 mg/L is conservative, as
the ClO2 will probably decay slower in colder water.

At 1.6 mg/L ClO2, the expected chlorite concentration would be about 1.1 mg/L (see Figure 2).
Additionally, the remaining ClO2 residual will continue to form chlorite and chlorate as it
decays.  Based on the available literature for control of chlorine dioxide by-products with ferrous
ion (ferrous chloride or ferrous sulfate), the required ferrous ion (Fe2+) to chlorite ratio (by wt.) to
completely reduce chlorite is in the range of 3.3:1.  Assuming a maximum chlorite concentration
of 1.4 mg/L at a chlorine dioxide dose of 1.6 mg/L, this ratio translates to a ferrous chloride dose
of approximately 10.5 mg/L.  The ferrous ion is oxidized in the reaction to ferric and should
reduce the ferric chloride doses needed for coagulation.

Enhanced Coagulation Requirements

The coagulation jar testing protocols used in this study were designed to simulate the proposed
new flocculation/sedimentation process outlined in the draft Master Plan report.  The process
consists of two parallel floc/sed basins with 3 stages of flocculation (10 minutes each stage) and
sedimentation time of 132 minutes at 40 mgd.  Based on results from prior testing, the addition
of polymer was simulated as occurring just downstream of the influent pump station.  The
following contact times and mixing conditions used in this study can be found in the
Experimental Plan.
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Four sets of ferric chloride (without polymer) jar tests (9 jars each) were performed at initial pH
values of 6.5, 7.2, 7.8 and 8.5 in order to determine the effects of pH depression on coagulation
efficiency and optimize the doses of acid and ferric chloride for cost.

Without initial pH depression, the ferric chloride dose needed for 25% TOC reduction was 27
mg/L.  Based on a comparison of treatment chemical costs (ferric chloride, sulfuric acid, and
caustic soda), the use of sulfuric acid for pH depression to improve the efficiency of ferric
chloride was found to be more costly than utilizing ferric chloride at ambient pH conditions (see
attached Table 2).  However, for the purposes of comparison with previous jar testing results that
did not include pH depression, a sulfuric acid dose of 10 mg/L (corresponding to a pH of 7.8)
was applied to each condition.  At an initial pH of 7.8, the required ferric chloride dose for 25%
TOC reduction was approximately 25 mg/L (see Figure 5).  The ferric chloride dose selected to
represent “super-enhanced” coagulation was 80 mg/L (with an initial pH of 7.8), which
extrapolated to an estimated TOC reduction of about 40%.  A third intermediate ferric chloride
dose of 55 mg/L (~ 36% TOC reduction) was selected to further characterize the DBP formation
vs. coagulation relationship.

Two additional jar tests were performed at the ambient initial pH conditions (8.5) using polymer
at 1 mg/L and 5 mg/L.  The use of 1 mg/L polymer reduced the required ferric dose to achieve a
25% TOC reduction to 10 mg/L, from 27 mg/L without polymer.  However, the effect of cationic
polymer on NDMA formation may not allow for the continued use of polymer in the treatment
process.

Simulated Disinfection By-Product Formation

Table 3 summarizes the treatment conditions used for the DBP evaluation and should be
referenced for many of the associated figures.

Table 3
Disinfection By-Product Testing Conditions

Preoxidant Polymer Ferric
Chloride

Chlorine Ammonia

Simulated Point
of Addition

Intake Tower Raw Water
Pump Station

Flash Mix Chlorine
Contactor

Chlorine Contactor
Effluent

No.
1 KMnO4 1.5 mg/L 10 mg/L 4.6 mg/L 4:1 Cl2:NH3-N

2 ClO2 5 mg/L* 10 mg/L 4.3 mg/L n.a.

3 ClO2 n.a. 10 mg/L 4.3 mg/L 4:1 Cl2:NH3-N

4 ClO2 n.a. 80 mg/L 4.3 mg/L 4:1 Cl2:NH3-N

5 ClO2 n.a. 55 mg/L 4.3 mg/L 4:1 Cl2:NH3-N

6 n.a. n.a. 10 mg/L 4.6 mg/L 4:1 Cl2:NH3-N
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† n.a. – not applicable
†† Appropriate chlorine doses to meet disinfection requirements were determined from chlorine

demand/decay tests on selected treatment conditions

In order to determine the relationship between coagulant dose and THM formation, three ferric
chloride doses were applied (10 mg/L, 55 mg/L , and 80 mg/L) at an initial pH of 7.8 (10 mg/L
H2SO4).  Figure 6 shows that THM formation does, in fact, decrease with an increasing ferric
chloride dose. However, a linear trendline indicates that approximately 95 mg/L of ferric chloride
would be required to get the 72-hour TTHM levels down to 68 ppb (15% below the Stage 2
Locational Running Annual Average).

Figure 7 shows 72-hour TTHM concentration as a function of free chlorine contact time (FCCT)
at ferric doses of 10 mg/L and 80 mg/L.  Currently, the design FCCT for the proposed chlorine
contact basin (CCB) is 5 minutes, but actual FCCT may be in the range of 2.5 to 10 minutes,
depending on how the process is operated.  There is an increase of 7% to 8% in THMs from 5
minute to 10 minutes FCCT for the 10 and 80 mg/L ferric chloride dose conditions, respectively.
At an FCCT of 2.5 minutes, corresponding drops 17% and 8% were observed for these same
coagulant doses.  While these changes do not represent a dramatic increase, they may be
important if THM levels are close to the MCL.

The current treatment plant has reported an increase of approximately 30% in THM levels after
ammonia addition.  To investigate this phenomenon, THM formation over time (following
ammonia addition) was monitored for conditions #1, #3, #4, and #6.  Figure 8 shows that for
these four conditions, THM levels increased by 12 to 25 ppb (16% - 55% increase) between 1
hour and 72 hours after the addition of ammonia to form chloramines.  While some increase (on
the order of 10%) in THM levels following ammonia addition is common, the increases seen
here are significantly higher than typically observed with most waters.  The cause of this
phenomenon may have to do with the nature of the organic matter in the source water.  This is a
significant issue that warrants further analysis.

Figure 9 shows that 72-hour TTHM levels were insensitive to the selected preoxidant s
(potassium permanganate or chlorine dioxide).  It is important to note that a relatively low dose
(0.4 mg/L) of chlorine dioxide was applied in this study, and the response may be different as the
ClO2 dose is increased.  This issue will be investigated during the full-scale testing.

The NDMA results are in close agreement with recent research (Wilczak, et al, Sept. 2003,
Journal of the American Water Works Association) which found that DADMAC cationic
polymers are a significant source of NDMA precursors and exhibit significant formation
potentials when used with chloramines.  In an additional test that did not include polymer or
ammonia addition (condition #3 with free chlorine only), NDMA was not detectable.  For the
conditions (#3, #4, #5, and #6) that included ammonia addition without polymer, NDMA
concentrations were consistent at 5 – 7 ng/L.  Figure 10 shows the relationship between NDMA
formation and polymer dose (with ammonia addition).  The current DHS action level for NDMA
is 20 micrograms per liter (µg/L), and there has been discussion of further lowering it to 10 µg/L.
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Taste and Odor Control

Approximately 100 ng/L MIB and geosmin were spiked to the raw water.  Three doses of PAC
(10, 25, and 50 mg/L) were applied to the water simulating addition at the influent channel, under
two different treatment scenarios.  One scenario utilized chlorine dioxide as a preoxidant
followed by enhanced coagulation.  The second scenario was treated to enhanced coagulation (no
chlorine dioxide addition).  The results are shown in Figure 11 and indicate that PAC can
effectively control these two problematic taste- and odor-causing compounds in this source
water.  The doses required to totally adsorb and remove the MIB and geosmin were between 25
and 50 mg/L.  Chlorine dioxide at a pre-oxidant dose of 0.4 mg/L to satisfy the demand of the
water did not appear to impact the performance of the PAC.  The only observed difference was
with MIB at the 10 mg/L PAC dose.  Based on the consistency of all the other results, the MIB
result for 10 mg/L PAC without pre-oxidant appears to be erroneous (possibly due to a sample
handling/analytical difference for this one condition).

Conclusions

1. Chlorine Dioxide

If used strictly for pre-oxidation, chlorine dioxide doses in the range of 0.4 to 0.6 mg/L should be
adequate, while keeping chlorite and chlorate well below there regulatory limits.  No decrease in
distribution THM levels would be expected with this level of dosing.

Chlorine dioxide may be used as a primary disinfectant if ferrous ion is used to control the
chlorine dioxide by-products.  For primary disinfection, using the contact time in the pipeline
from the intake tower to the flash mix, a ClO2 dose of 1.5-2.0 mg/L would be sufficient for 0.5-
log giardia and 2-log virus inactivation with this water source.  A ferrous chloride dose of 10-12
mg/L would be needed to quench residual ClO2 and control chlorite.

2. DBP Formation with Proposed Process Train

Increased coagulation levels had less of an effect on TOC and DBP reduction than desired.
Consequently, this approach alone will not result in meeting the Authority’s DBP goal of 30%
below the Stage 2 MCLs leaving the WTP.  The resulting DBP formation from the bench-scale
simulation indicates that it is unlikely that this proposed process train would reduce chlorinated
DBP levels to below SWA’s goal.

3. THM Formation After Ammonia Addition

The testing confirmed that significant increases in THM levels were observed after ammonia
addition when the plant is treating Sweetwater Reservoir water.  This trend is likely related to the
character of the organic matter in the source water and complex chemical reactions.  This issue
should be the subject of additional research.
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4. Coagulation Optimization

The most cost-effective method to achieve enhanced coagulation, or higher coagulation levels is
to use ferric chloride alone.  This conclusion is based on estimated total treatment chemical
(ferric chloride, sulfuric acid, and caustic soda) costs, and does not consider increased operations
and maintenance costs associated with new acid storage and feed facilities or future solids
processing differences.

5. Powdered Activated Carbon

PAC, at doses between 25 and 50 mg/L, was effective at removing MIB and geosmin to below
detection levels.  50 mg/L would be a reasonable design dose to ensure complete control of these
constituents.

6. NDMA

The DADMAC-type cationic organic polymer used as a flocculent aid at the treatment plant is a
significant source of NDMA precursors.  The bench testing results show that there is clearly a
benefit to ferric chloride doses required for TOC reduction with the use of polymer.  However,
due to the observed NDMA levels resulting from the application of DADMAC, SWA should
consider limiting or discontinuing the use of this chemical.  Other pre-treatment processes, such
as dissolved air flotation (DAF), do not require the use of polymer to achieve similar levels of
organics removal and should be considered for testing.
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----- Forwarded by William H Moser/User/Americas/Montgomery Watson on
10/24/2003 04:47 PM -----

"Jim Smyth" <jsmyth@sweetwater.org>
10/24/2003 02:27 PM

 To: <William.H.Moser@us.mwhglobal.com>
 cc:
 Subject: Fwd: CH2M Hill Response to Bench testing

fyi

James Smyth
619-409-6750
----- Message from "Scott McClelland" <smcclelland@sweetwater.org> on Tue,
14 Oct 2003 10:43:40 -0700 -----
To: "Bill Barsch" <bbarsch@sweetwater.org>, "Dennis Bostad"
<dbostad@sweetwater.org>, "Don Thomson" <dthomson@sweetwater.org>, "Jim
Smyth" <jsmyth@sweetwater.org>, "Mark Hatcher"
<mhatcher@sweetwater.org>,
"Mary Ann Mann" <mmann@sweetwater.org>, "Mark Rogers"
<mrogers@sweetwater.org>
Subject: CH2M Hill Response to Bench testing
Attached is the comments from CH on the Bench testing.  Please review
for tomorrow's discussion.  FYI, I have not reviewed this yet but
thought you all should get this in time to review it for tomorrow.

Please give me a call if you have any questions.

Scott McClelland
Sweetwater Authority
619-409-6753
----- Message from <Jamal.Awad@ch2m.com> on Tue, 14 Oct 2003 11:19:44
-0600 -----
To: <jsmyth@sweetwater.org>, <smcclelland@sweetwater.org>
cc: <Bill.Bellamy@ch2m.com>
Subject: RE: Peer Review Needed
Jim and Scott,
We reviewed the Draft SWA Bench Testing TM and associated figures and
data.  The following are our review comments:

The main objective for this project is to establish a treatment process
train that will enable the SWA to achieve disinfection requirements and
control of DBPs.  In order to accomplish this objective, it is highly



recommended that the SWA determine the coagulant dosages needed for
maximum TOC removals at various influent TOC and pH levels.  The Bench
Testing summarized in the Draft TM did not satisfy this recommendation.
Enhanced coagulation can be achieved for SWA source water; the question
is at what coagulant dosage and pH.  Once these criteria are
established, then the cost effectiveness of enhanced coagulation can be
evaluated against other treatment options.

The use of DAF is typically considered when light floc are formed and
floc settling is an issue.  We did not see any indications of such
conditions in the Bench Testing data provided.  What are the reasons
that suggest the consideration of DAF?

Once the optimized coagulant dosages are established for maximum TOC
removal, various disinfection combinations (e.g., Cl2/chloramines,
ClO2/Cl2/chloramines, UV/Cl2/chloramines) can be evaluated for DBPs
formation and microbial inactivation benefits.  While the Bench Testing
summarized in the Draft TM presented data on the ClO2/Cl2/chloramines
disinfection combination, it did not address the DBP formation at
reduced FCCT necessary for virus inactivation only.  For example, if
ClO2 is used as primary disinfectant, FCCT for only 2-log virus removal
would be necessary which would result in lower DBP formation.
Establishing the FCCT requirements at a coagulant dosage corresponding
to maximum TOC removal (e.g., 120 mg/L of ferric chloride) and at a
coagulant level lower than that (e.g., 80 mg/L of ferric chloride), with
or without additional disinfectants (i.e., ClO2 or UV), is highly
critical for the SWA to develop its microbial inactivation and DBP
control strategies.  One cost-effective treatment option for SWA that
might surface out of such work is to achieve maximum TOC removal and
continue with chlorine/chloramines for primary and secondary
disinfection

The Bench Testing summarized in the Draft TM presented valuable data on
T&O removals by PAC.  It would have been very beneficial to have
established the additional benefits of the PAC dosages such as TOC
removals and DBP reductions.  Such data will enable the SWA to tie PAC
additions to its microbial inactivation and DBP control strategies
developed based on above two approaches.

We recommend that the above work be completed prior to any full-scale
testing of ClO2.  In fact, we see the additional Bench Testing as
necessary to establish the full-scale testing protocol, if needed.

Specific editorial comments are:
Page 3, Paragraph 4--At ClO2 of 1.6, expected chlorite concentration
should not exceed 1.1 (using Figure 2).  Also, the ferrous chloride dose



needed for chlorite reduction would be 3.3X1.1 or 3.63 mg/L and not 9
mg/L.
In Table 2--Applied chlorine dosages are presented.  What are the
residual chlorine concentrations and resulting FCCT values?

Thank you for the opportunity to provide review comments on this
critical project for the SWA.  Please let us know if we need to expand
on any of these comments.  Take care.

Jamal Awad, Ph.D., P.E.
Senior Client Services Manager
8501 W. Higgins Road, Suite 300
Chicago, IL 60631

773/693-3800 x309 Office
773/677-1667 Cell
714/424-2051 Direct Fax
jawad@ch2m.com

-----Original Message-----
From: Jim Smyth [mailto:jsmyth@sweetwater.org]
Sent: October 03, 2003 5:36 PM
To: Awad, Jamal/CHI; issam.najm@wqts.com
Subject: Peer Review Needed

Recall some suggestions made by each of you at the Peer Review meeting
regarding our proposed treatment plant improvements. Attached are water
quality testing data and a draft memo from MWH (one of the files
reflecting the test data is an attachment for the memo). Our take is
that enhanced coagulation as well as optimized coagulation will not work
for us based on our raw water quality. We are now considering DAF.

I request your review and comments via memo form. Please include other
treatment processes that should be considered. I will assume each of you
can provide me this to me by October 14 and can be accomplished with a
budget effort of less than $3,000. Please acknowledge you have received
this and can proceed per my request. I will be on vacation next week so
email me at home at smyth1@cox.net. If that does not work please contact
Scott McClelland (new Sr. Engr. working with me on this project) at
619-409-6753.

James Smyth
619-409-6750



----- Forwarded by William H Moser/User/Americas/Montgomery Watson on
10/24/2003 04:48 PM -----

"Jim Smyth" <jsmyth@sweetwater.org>
10/24/2003 02:28 PM

 To: <William.H.Moser@us.mwhglobal.com>
 cc:
 Subject: Fwd: RE: Peer Review Needed

fyi

James Smyth
619-409-6750
----- Message from "Issam Najm" <issam.najm@wqts.com> on Mon, 6 Oct 2003
13:22:23 -0700 -----
To: "Jim Smyth" <jsmyth@sweetwater.org>
cc: "Scott McClelland" <smcclelland@sweetwater.org>, <smyth1@cox.net>
Subject: RE: Peer Review Needed
Jim & Scott - If I had waited till the week started, I would not have been
able to do this... thank God for weekends!

I went through MWH's memo, and prepared this Technical Memorandum
summarizing my review of the bench-scale results and my perspective on
them.
You will see that I am more optimistic about the chlorine dioxide results
than MWH seems to be.  I understand that you are supposed to be doing
full-scale testing of chlorine dioxide sometime this month, and that is
great...  I know that significant interaction with DHS is necessary for
that, but I think it is well worth it.  At the end of my TM, I suggest a
chemical addition scheme that, if workable, can achieve all your water
quality objectives.

As for your comment about DAF... I don't see the benefit of going down that
route.  DAF is great for treating algae that is high in algae that do not
flocculate and settle well and cause filter clogging.  I don't think this
is
the issue for you here.  I don't see DAF improving the ability of
coagulation to remove more TOC, if that is the intent.  At any rate... that
is just my opinion.

Thank you for asking me to review this.  It was very enjoyable.

Please call if you have any questions.
Issam



-----Original Message-----
From: Jim Smyth [mailto:jsmyth@sweetwater.org]
Sent: Friday, October 03, 2003 4:27 PM
To: issam.najm@wqts.com
Cc: Scott McClelland
Subject: RE: Peer Review Needed

thank you.

James Smyth
619-409-6750

>>> "Issam Najm" <issam.najm@wqts.com> 10/03/03 04:21PM >>>
Jim - I received your message, and I will provide you my comments
within the
budget and schedule you indicate in your message.

Issam

P.S.  Have a nice vacation!

-----Original Message-----
From: Jim Smyth [mailto:jsmyth@sweetwater.org]
Sent: Friday, October 03, 2003 3:36 PM
To: Jamal.Awad@ch2m.com; issam.najm@wqts.com
Subject: Peer Review Needed

Recall some suggestions made by each of you at the Peer Review meeting
regarding our proposed treatment plant improvements. Attached are
water
quality testing data and a draft memo from MWH (one of the files
reflecting the test data is an attachment for the memo). Our take is
that enhanced coagulation as well as optimized coagulation will not
work
for us based on our raw water quality. We are now considering DAF.

I request your review and comments via memo form. Please include other
treatment processes that should be considered. I will assume each of
you
can provide me this to me by October 14 and can be accomplished with a
budget effort of less than $3,000. Please acknowledge you have
received
this and can proceed per my request. I will be on vacation next week



so
email me at home at smyth1@cox.net. If that does not work please
contact
Scott McClelland (new Sr. Engr. working with me on this project) at
619-409-6753.

James Smyth
619-409-6750


