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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Marie Burbano, CDM Smith
Greg Wetterau, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.1
- Final Summary Assessment Report on Tertiary Filtration

1.1 Introduction

The City of Santa Barbara (City) has been providing, protecting, and preserving groundwater, drinking
water and recycled water for its community for over 150 years. The City has been a leader in water
system planning and use of recycled water. Committed to protecting the environment and public
health and safety, the City now seeks to sustainably and reliably improve treatment at their El Estero
Wastewater Treatment Plant (EEWWTP).

EEWWTP is an 11 mgd wastewater treatment plant that was initially constructed in 1951; the plant
has primary sedimentation, secondary processing, tertiary filtration, and disinfection. At EEWWTP,
the City produces Title 22 recycled water for 60 to 80 users, according to the 2009 Recycled Water
Expansion Assessment. The City is committed to providing recycled water to system users who
depend on the reliability of the recycled water system.

In the recent years, the tertiary filter effluent has not been able to reliably meet the required turbidity
limit of <2 NTU (nephelometric turbidity units). The influent wastewater is also relatively high in total
dissolved solids (TDS), which results in high TDS in the tertiary filter effluent. As a result, the City
currently blends tertiary filter effluent with potable water to decrease turbidity and TDS in the
recycled water.

In 2012, the City embarked on this project to provide assessment and preliminary design services
related to upgrading the existing tertiary filtration system. This project is divided into three tasks.

= TaskI- Assessment includes the assessment activities and memoranda to determine the path
forward for preliminary design.

= TaskII - Filtration Preliminary Design provides technical memoranda (Filtration TMs) and a
preliminary design report (Filtration PDR) for the selected filtration alternative.
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» TaskIII - Demineralization Preliminary Design provides technical memoranda
(Demineralization TMs) and a preliminary design report (Demineralization PDR) for the
selected demineralization alternative.

This TM (Filtration TM No.1) summarizes the six assessment memoranda (AMs) completed as part of
Task I - Assessment and is part of Task II - Filtration Preliminary Design. This memorandum also
outlines the additional Filtration TMs that will be completed as part of Task II - Filtration Preliminary
Design.

Note that there is another TM (Demineralization TM No.1) that will summarize the same details
related to Task Il - Demineralization Preliminary Design. The purpose of duplicate TMs is to provide
independent, stand-alone Preliminary Design reports for filtration and demineralization.

1.2 Summary of Assessment Memoranda
The following is a list of the assessment memoranda (AMs) completed as part of Task I - Assessment.
= AM No.1. Introduction & Project Background
= AM No.2. Recycled Water System Study
= AM No.3. Filtration Alternatives
= AM No.4. Demineralization Alternatives
= AM No.5. Investigation of TDS Sources
= AM No.6. Recycled Water System Hydraulic Analysis

The AMs for Task I addressed both filtration and demineralization, with specific focus on filtration or
demineralization as appropriate.

The following sections provide a summary of the evaluations and recommendations provided in the
previously completed AMs.

1.2.1 AM No.1 Summary: Introduction and Project Background

AM No.1 provides of list of the AMs associated with the assessment phase of the project and the
references and as-built drawings that provide the basis for the AMs, and subsequent technical
memoranda and preliminary design report.

1.2.2 AM No.2 Summary: Recycled Water System Study

AM No.2 provides an overview of the existing recycled water system and evaluates future recycled
water demands, potential system improvements, and current and future water quality goals.

Currently, recycled water produced by the EEWWTP serves over 400 acres of landscaped areas. These
areas include golf courses, parks, schools, and the zoo. Recycled water demand occurs primarily at
night with the distribution time occurring between the hours of 9pm and 6am. Though this is an ideal
time for irrigation due to the lessened direct human contact, it may also present some issues due to
the low influent flow to the treatment plant during the early morning hours.
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According to the 2011 Recycled Water Use data, the EEWWTP usage for process water was
approximately 258 Acre Feet per Year (AFY). In the City of Santa Barbara Long Term Water Supply
Plan, the EEWWTP process water is approximated at 300 AFY. The metered sales to customers was
approximately 478 AFY compared with the 800 AFY cited in the City of Santa Barbara Long Term
Water Supply Plan. One possible reason for this discrepancy is the particularly high rainfall for the
previous water year. The 2010-2011 water year saw 28.49 inches of rain.

The recycled water system, as it is currently, has the capacity to treat and deliver 1,400 AFY (Long
Term Water Supply Plan) of recycled water. If the El Estero process water usage totals approximately
300 AFY and the demand from sales to customers is about 800 AFY that would leave approximately
300 AFY of additional capacity.

It is the City of Santa Barbara’s policy to require recycled water for irrigation purposes for properties
situated along the main recycled water lines. It is also the City’s policy to encourage users who are not
required to utilize recycled water to do so. Nine potential new recycled water users were identified.
The potential users are situated adjacent to the system and would be easy to connect to the system.

In addition to nine identified new users, there is the potential to increase quantities of water used by
current customers. These customers would need to be identified by the City from any requests or
wishes for additional supply.

Another area for possible expansion is the industrial sector. Currently, the City’s recycled water is
distributed primarily for irrigation purposes. However, there is a potential for growth in use for
businesses such as car washes and laundries in the area.

Lastly, if there is enough capacity for additional customers on the system, there is always the
possibility of system expansion. Sixteen potential new users were identified in areas for expansion in
Phase I and Phase II. This table also shows possible customers situated near the proposed expansion
pipelines. These areas include parks, schools, office complexes, and housing.

1.2.3 AM No.3 Summary: Filtration Alternatives

AM No.3 presents several filtration treatment process alternatives and provides a preliminary analysis
to recommend a treatment process to accomplish the desired water quality of the recycled water
produced at the EEWWTP.

Recycled water quality criteria and usage are specified in Title 22, Division 4 of the California Code of
Regulations (CCR). The EEWWTP produces recycled water that meets the Title 22 criteria for
disinfected tertiary recycled water. Depending on the groundwater basin and recycled water usage
location, the Regional Water Quality Control Board (RWQCB) can include additional requirements to
Title 22. At the EEWWTP, the Central Coast Region of the RWQCB lists the current recycled water
requirements in the Waste Discharge Requirements and Master Reclamation Permit Order No. 97-44.
Note that Title 22 was written after Order No. 97-44. However, the requirements in Order No. 97-44
are more stringent than Title 22 and, therefore, apply to the EEWWTP. Table 1-1 summarizes the
primary water quality requirements for disinfected tertiary recycled water.
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Table 1-1: EEWWTP Recycled Water Permit Requirements per Order No. 97-44

Turbidity 2 NTU (Mean)

5 NTU (Maximum)
Total Non-filterable Residue (Suspended solids) 10 mg/L (Mean)?

25 mg/L (Maximum)
Settleable solids 0.1 mL/L (Maximum)
Total dissolved solids 1,500 mg/L (Maximum)
Cadmium 0.01 mg/L (Maximum)
Lead 5.0 mg/L (Maximum)
Total Coliform Most Probable Number (MPN) 3 2.2 per 100 mL (Average)

23 per 100 mL (Maximum)

Notes:
1. Maximum limit shall not be exceeded more than five percent of the time during any 24-hour period.
2. Compliance shall be determined from the results of the five most recent samples.

3. No sample shall exceed an MPN of 240 total coliform bacteria per 100 mL.

Title 22 provides requirements for both filtered wastewater and disinfected tertiary recycled water.
For the purposes of this analysis, the filtered wastewater standards must be met using the filtration
alternative selected. Disinfection occurs at El Estero in the chlorine contact basin and onsite storage
reservoir. All of the technologies evaluated in AM No.3 meet the Title 22 requirements for filtered
wastewater.

The existing filter complex was constructed in 1988 as part of the City’s Water Reclamation Project at
El Estero. The existing chlorine contact basin and recycled water reservoir were constructed at the
same time. The filters are single-media gravity filter type filters with an air/water backwash system.

Existing filter limitations include difficulty to meet effluent turbidity requirements, continuous
operational challenges, and operations and maintenance safety concerns. Structural and corrosion
problems with the existing filter complex are well documented in the Corrosion Engineering
Evaluation Report completed by HAE Engineers in January 2012. These structural and corrosion
problems cause operational safety concerns for plant staff. Additionally, one of the greatest challenges
to operations is the instrumentation and controls with the existing filter complex. In recent years, the
online instrumentation and automated backwashing has not been effective. Access to control
instrumentation such as level sensors is limited as well.

Filtration technologies evaluated were as follows.
= Gravity deep bed filters (upgrade existing)
=  Upflow continuous backwash media filters
» Cloth or disk filters
»  Microfiltration/Ultrafiltration (MF/UF).

Filtration will be prior to any proposed demineralization. For the purposes of the filtration analysis, it
is assumed that reverse osmosis (RO) is the preferred alternative for demineralization. For any flow
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going through the RO, MF pretreatment is highly preferred. For the first four technologies listed
(gravity deep bed filters, upflow continuous backwash media filters, cloth or disk filters), a sidestream
of MF will be required prior to the RO. For the full MF alternative, no additional sidestream RO
pretreatment is required.

In order to evaluate filtration alternatives, criteria were developed and scored during an April 9, 2012
workshop with City staff. The purpose of this workshop was to develop criteria to compare filtration
alternatives. The process started with brainstorm to identify list of criteria. The list was narrowed
down to the 6 most important criteria. Each meeting attendee then prioritize this list with weights,
where 1 = low priority, and 5 = high priority. The weights were averaged and discussed to develop the
final criteria and weights, provided in Table 1-2.

Table 1-2: Evaluation Criteria
Criteria Weight

Increase ease of O&M and safety for plant staff

Optimize site layout

Minimize recycled water system shutdowns

Improved water quality: reduce turbidity & TDS

Minimize blending

BBl Bl W WU

Life-cycle cost

Note: 1 = low priority, 5 = high priority

In addition to this evaluation criteria and assessment, capital, operations and maintenance (0&M), and
life-cycle cost evaluations were completed to determine the life-cycle cost scores. Table 1-3
summarizes the cost evaluation of the various alternatives.

Table 1-3: Lifecycle Cost Evaluation Summary

Reha‘b Existing Upflow in Existing New Upflow/ D|sk.F|I.ters in
Filters/ / Sidestream MF Sidestream MF Existing/
Sidestream MF Sidestream MF
Capital Cost S4.9M S$4.8M $6.6M S4.6M $6.5M
Yearly O&M Cost $0.08M $0.08M $0.08M $0.08M $0.1M
ZO'YeaE;fte'cyc'e $6.1M $6M $7.8M $5.8M $7.9M

Life-cycle cost

4 4 3 4 3
score

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Table 1-4 provides the complete filtration assessment scores for each alternative.
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Table 1-4: Evaluation Summary

Rehab Existing Upflow in New Upflow/ Disk Filters in

Filters/ Existing / Sidestream Existing/

Sidestream Sidestream MF Sidestream
MF MF MF

Criteria Weight

O&M and safety 5 3 3 4 4 4
Optimize site layout 3 2 2 3 4 4
Minimize shutdowns 4 3 4 4 3 5

Reduce turbidity & TDS 5 3 4 4 3 5

Minimize blending 4 5 5 5 5 5

Life-cycle cost 4 4 4 3 4 3
Total Weighted Score 84 93 97 95 109

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Based on the evaluation criteria and filter scores, the full MF alternative is the recommended
technology to provide tertiary filtration at the EEWWTP to produce Title 22 recycled water. MF will
provide excellent water quality for recycled water users and is a sufficient pretreatment for
sidestream RO.

1.2.4 AM No.4 Summary: Demineralization Alternatives

Demineralization is not required to produce Title 22 recycled water at the EEWWTP, but may be
provided in the future to further improve the recycled water quality for irrigation users. The following
provides a brief summary of the scope of AM No.4. A more detailed summary of AM No.4 is provided in
the Demineralization Preliminary Design TM No.1.

AM No.4 identifies and describes four demineralization treatment alternatives:
= Reverse Osmosis (RO)
*= Nanofiltration (NF)
» Electrodialysis Reversal (EDR)
= Blending with potable water

AM No.4 evaluates the four demineralization treatment alternatives based on the same evaluation
criteria developed for the filtration alternatives. AM No.4 recommends RO as the demineralization
treatment alternative for use at the EEWWTP.

1.2.5 AM No.5 Summary: Investigation of TDS Sources

Investigation of TDS sources in the influent to the EEWWTP is part of the Demineralization task. The
following provides a brief summary of the scope of AM No.5. A more detailed summary of AM No.5 is
provided in the Demineralization Preliminary Design TM No.1.

1.2.6 AM No.6 Summary: Recycled Water System Hydraulic Analysis

AM No.6 provides an evaluation of the existing recycled water distribution system, including the on-
site reservoir and transfer pump station at the EEWWTP site and the existing storage reservoirs. An
assessment of the existing system is performed to evaluate how to better control recycled water
distribution to reliably achieve CT times and to provide better control of the distribution system.
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In summary, the El Estero Recycled Water system is currently operating in a batch mode, which
produces inconsistent levels of turbidity and which leads to blending the effluent with potable water
which leads to inconsistent chlorine residuals and CT Values. Upgrading the recycled water plant with
membrane treatment will provide more consistent effluent and give the plant the opportunity to
produce continuous and more consistent quality recycled water. The continuous process system will
also make it easier to size additional storage tanks to meet future demands.

1.3 Filtration Preliminary Design

The following summarizes the scope of the technical memoranda (TMs) that will provide the basis of
the preliminary design.

1.3.1 Filtration Preliminary Design

The following is a list of the filtration TMs to be provided as part of the filtration preliminary design
task (Task II).

» Filtration TM No.1 - Final Summary Assessment Report on Tertiary Filtration
- Summarizes the evaluations and recommendations provided in the Task I AMs

= Filtration TM No.2 - Permitting Requirements and Considerations for Membrane Filtration for
Recycled Water

- Summarizes permitting requirements for the tertiary filtration system
= Filtration TM No.3 - Structural and Geotechnical Design Criteria

- Summarizes preliminary geotechnical and structural design criteria for the tertiary filtration
system

= Filtration TM No.4 - Process Mechanical Design Criteria
- Summarizes preliminary process mechanical design criteria for the tertiary filtration system
= Filtration TM No.5 - Electrical and Instrumentation and Control Design Criteria

- Summarizes preliminary electrical and control systems design criteria for the tertiary
filtration system

= Filtration TM No.6 - Civil Design Criteria and Demolition and Constructability Considerations

- Summarizes demolition requirements and evaluates the constructability of the tertiary
filtration system

= Filtration TM No.7 - Opinion of Probable Cost of Construction and Implementation Schedule

- Summarizes opinion of probable cost of construction and implementation schedule for the
tertiary filtration system
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1.3.2 Demineralization Preliminary Design

Preliminary design of the demineralization system is included under Task III. The following is a list of
the demineralization TMs to be provided under Task III.

* Demineralization TM No.1 - Final Summary Assessment Report on Demineralization

* Demineralization TM No.2 - Permitting Requirements and Considerations for Demineralization
for Recycled Water

* Demineralization TM No.3 - Structural and Geotechnical Design Criteria
* Demineralization TM No.4 - Process Mechanical Design Criteria
* Demineralization TM No.5 - Electrical and Instrumentation and Control Design Criteria

» Demineralization TM No.6 - Civil Design Criteria and Demolition and Constructability
Considerations

= Demineralization TM No.7 - Opinion of Probable Cost of Construction and Implementation
Schedule
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Marie Burbano, CDM Smith
Greg Wetterau, CDM Smith
Evelyn You, CDM Smith
Jason Yoshimura, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.2
Permitting Requirements and Considerations for Membrane Filtration for
Recycled Water

2.1 Introduction

The purpose of this Technical Memorandum (Filtration TM No.2) is to address California Department
of Public Health (CDPH) and Central Coast Region Regional Water Quality Control Board (RWQCB)
permitting requirements and considerations associated with the use of tertiary filtration treatment
using membrane filtration for recycled water produced at the El Estero Wastewater Treatment Plant
(EEWWTP) in the City of Santa Barbara (City).

The City produces filtered disinfected recycled water for non-potable uses. Recently, the recycled
water produced by the tertiary filters has not been able to reliably meet the required turbidity limit of
<2 Nephelometric Turbidity Units (NTU). Based on total dissolved solids (TDS) and chloride
concentrations in the recycled water, the City currently blends with potable water to decrease
turbidity and meet voluntary TDS and chloride goals in the recycled water.

As discussed in Assessment Memorandum (AM) No.3 (CDM Smith, June 2012.a), the selected
treatment process to provide filtration of the recycled water at the EEWWTP to meet turbidity limits
is microfiltration (MF) or ultrafiltration (UF) membrane filtration. The MF and UF membranes provide
a physical barrier, resulting in more complete rejection of particles greater than a specified size (on
the order of 0.1 um for MF and on the order of 0.01 pm for UF. Membranes of this kind remove
particles down to such small sizes that they both remove pathogens and also particles that adversely
affect the aesthetic appearance of the water. Membrane filtration has been successfully employed in
the treatment of secondary effluent to make it suitable for reverse osmosis (R0O), which is the selected
recycled water demineralization process as discussed in AM No.3 (CDM Smith, June 2012.a). It also
meets the California Code of Regulations Title 22 filtered wastewater requirements without the use of
RO. For the purposes of this TM, membrane filtration and MF/UF will be used interchangeably.
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2.1.1 Overview of EEWWTP WDR/MRPs

The City owns a wastewater collection, treatment, and disposal system to provide sewerage service to
the City and portions of Santa Barbara County, serving a population of approximately 96,000. The
EEWWTP is an 11 million gallon per day (mgd) wastewater treatment plant. [t was initially
constructed in 1951 and then was updated throughout in the 1970's including a new outfall. The
secondary treatment system consists of screening and grinding, aerated grit removal, primary
sedimentation, activated sludge stabilization, secondary clarification, disinfection by chlorination, and
dechlorination facilities. Treated secondary effluent is discharged through a 8,720-foot ocean outfall
to the Pacific Ocean. The outfall terminates in the Santa Barbara Channel in approximately 70-feet of
water and provides a minimum initial dilution ratio of 120:1 (seawater: effluent). The wastewater
discharge is regulated under National Pollutant Discharge Elimination System (NPDES) Permit (Order
No. R3-2010-0011) issued by the RWQCB.

Treated secondary effluent not discharged to the ocean outfall is diverted, prior to the chlorine contact
step, to tertiary filters where coagulant and flocculent aids are added. The water is chlorinated,
blended with potable water, and used for non-potable water reuse applications (landscape irrigation,
construction for dust control and soil compaction, toilet flushing, and EEWWTP process water).
Approximately 800 acre-feet per year (AFY) is supplied to reuse customers and 300 AFY is used for
EEWWTP process water. The water reuse program is regulated under Waste Discharge Requirements
(WDR) and Master Reclamation Permit (MRP) Order No. 97-44.1 The recycled water/potable water
blending is undertaken to meet WDR/MRP turbidity requirements and the City’s irrigation water
quality goals for chloride (300 mg/L) and total dissolved solids (1,500 mg/L) based on guidance from
Ayres and Westcot (1985). Per the Long Term Water Supply Plan (City of Santa Barbara, June 2011),
the existing recycled water system has the capacity to treat and deliver 1,400 AFY. The 2009 Water
Supply Planning Study showed there was the potential for increased recycled water irrigation use as
well as applications for new uses, including car washes and laundries (Carollo, 2009).

The City owns a seawater desalination facility, which is currently not in operation. If operation should
commence, the NPDES Permit allows for different volumes of brine to be discharged from the
desalination facility to the ocean outfall (3.9 mgd, 4.1 mgd, 9.4 mgd, and up to 12.5 mgd). A minimum
initial dilution of 44:1 is provided when brine is discharged. The City has requested the continued
coverage of the potential discharge of desalination brine in the NPDES Permit in the event that the
desalination facility begins operation.

2.2 Water Recycling Requirements

Water recycling requirements are included in the WDR/MRP as well as the NPDES Permit. The
WDR/MRP has no expiration date; the NPDES Permit has an expiration date of May 15, 2015.

2.2.1 Authority for MRPs

In July 1992, section 13523.1 was added to the California Water Code (CWC), authorizing RWQCBs to
issue MRPs to a producer and/or distributor of recycled water in lieu of prescribing individual water
reuse requirements for a user of recycled water. Section 13523.1 also removed the requirement,
except upon written request of a RWQCB, that users file a report with a RWQCB to use recycled water
from a producer/distributor for whom a MRP has been issued. Similarly, it exempted any such user of

' A WDR/MRP is not needed for in-plant use of recycled water.
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Section 2  TM No.2 — Permitting Requirements and Considerations for Membrane Filtration for Recycled Water

recycled water from the requirement to file a report with a RWQCB related to any material change in
the character of the recycled water or its use.

2.2.2 EEWWTP 1997 WDR/MRP
2.2.2.1 Approved Uses

The WDR/MRP authorizes two water reuse applications for the use of disinfected filtered recycled
water: landscape irrigation and construction (dust control and soil compaction). City staff has
interpreted Finding No. 9 in the WDR/MRP to allow for the use of disinfected filtered recycled water
for toilet flushing since toilet flushing is an approved use under Title 22 using this type of recycled
water. Permit Finding No. 9 states:

“State Department of Health Services’ criteria for the use of recycled water are specified in California
Code of Regulations Title 22, Chapter 3. The Board has consulted with the State Department of Health
Services regarding the regulation of this discharge.”

In reviewing this finding, the staff interpretation regarding authorization for toilet flushing may be
subject to challenge because:

* Permit findings are not legal obligations or authorities in permits.

= This particular permit finding does not link a specific use (or uses) to the recycled water quality
produced by the City.

»= There are no provisions in the WDR/MRP that explicitly allow for the use of recycled water for
toilet flushing or concomitant CDPH requirements. Title 22, section 60307 allows for the use of
disinfected filtered recycled water for toilet flushing. However there are additional
requirements in Title 22 (sections 60312 through 60316) that would apply as toilet flushing
meets the definition of a dual plumbed system per Title 22 section 60301.250.

The existing toilet flushing uses occur at approved use sites, and thus the use does not violate the
WDR/MRP’s Discharge Prohibition A.1:

“Discharge to other than approved reclamation areas (see Standard Provision A.6) is prohibited.”

Based on this assessment, the WDR/MRP does not allow the use of recycled water for car washing or
laundries. The CDPH Title 22 criteria (section 60307) allow the use of disinfected filtered recycled
water in commercial car washes (if the recycled water is not heated and the general public is excluded
from the washing process) and commercial laundries. To obtain authorization for these uses, as well
as toilet flushing, in accordance with the 1984 Standard Permit Provisions for the WDR/MRP (see
WDR/MRP Provision D.3), there are two requirements that must be followed:

*=  “C.7 The ‘discharger’ shall file a report of waste discharge or secure a waiver from the
Executive Officer at least 120 days before making any material change or proposed change
in the character, location, or volume of the discharge.”

= “C.8 An engineering report as specified by Section 60323, Chapter 3, Title 22, of the California
Code of Regulations is required, and written approval of the Executive Officer must be
received by the discharger and user, before reclaimed water is supplied for any uses and to
any users other than those enumerated in this Order.”
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2.2.2.2 Reclamation Specifications

Flow

The WDR/MRP contains a monthly average flow limitation of 4.3 mgd per normal irrigation period
(Permit Provision B.1). If the City envisions that future reuse would exceed this limitation, then the

WDR/MRP should be amended to increase the flow limitation following the requirements in Standard
Provision C.7.

Numeric Limitations

As shown in Table 2-1, Permit Provisions B.2 and B.5 set forth numeric limitations for recycled water
based on requirements in Title 22 for the allowed uses (landscape irrigation and construction) using
disinfected filtered recycled water. These requirements would also apply for toilet flushing,
commercial car washes, and commercial laundries.

Table 2-1: WRD/MRP Numeric Limitations

Parameter Requirements

Turbidity1 2 NTU (Mean)
5 NTU (Maximum)

Total Non-filterable Residue (Suspended Solids) 10 mg/L (Mean)3
25 mg/L (Maximum)

Settleable Solids 0.1 mL/L (Maximum)

TDS 1,500 mg/L

Cadmium 0.01 mg/L

Lead 5.0 mg/L

Total Coliform MPN 2.2/100 mL (7-day Median)

23/100 mL (Not to exceed within 30 days)

Notes:

1. Maximum limit shall not be exceeded more than five percent of the time during any 24-hour period.
2. Compliance shall be determined from the results of the five most recent samples.

3. No sample shall exceed a total coliform MPN of 240/100 mL.

If membrane filtration is used in lieu of conventional filtration, then the WDR/MRP should be
amended per Standard Provision C.7 to include the Title 22 turbidity limits for MF/UF per section
60301.320(b):

“Has been passed through a microfiltration, ultrafiltration, nanofiltration, or reverse osmosis membrane
so that the turbidity of the filtered wastewater does not exceed any of the following:

1. 0.2 NTU more than 5 percent of the time within a 24-hour period; and

2. 0.5NTU at any time.”
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Use Area Requirements for Landscape Irrigation and Conformance with the SWRCB Recycled
Water Policy’

The Recycled Water Policy (RW Policy) was adopted by the SWRCB in February 2009 and became
effective in May 2009.3 The RW Policy was a critical step in creating uniformity in how RWQCBs were
individually interpreting and implementing the State Anti-degradation Policy (Resolution 68-16) for
landscape irrigation and groundwater recharge projects that use recycled water.

Section 7.a of the RW Policy establishes requirements to address control of incidental runoff from
irrigation projects where incidental runoff is defined as unintended small amounts of runoff from
sites, such as irrigation over-spray. It is likely that as part of an amendment to the WDR/MRP, the
RWQCB would evaluate the WDR/MRP to determine if modifications were necessary to existing
provisions or to include new provisions to address the RW Policy requirements. Table 2-2 provides a
comparison of the RW Policy requirements, existing WDR/MRP conditions, the City’s Water Use
Requirements, and provisions in the City’s Recycled Water User Agreements.

* The WDR/MRP includes use area requirements in Title 22 and are thus not addressed in this TM.
3 http://www.swrcb.ca.gov/water_issues/programs/water_recycling_policy/docs/recycledwaterpolicy_approved.pdf
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Table 2-2: Comparison of RW Policy and Existing Use Are Provisions

RW Policy

7.a.(1) Implement an operations
and management plan for
detection of leaks (such as
broken sprinkler heads), and
correction within 72 hours of
learning of the runoff, or prior
to the release of 1,000 gallons,
whichever occurs first

7.a.(2) Proper design and aim of
sprinkler heads.

Existing Provisions

Discharge including overspray from
irrigation sites or construction sites
is prohibited with the exception of
insignificant runoff with
implementation of good irrigation
practices.

Precautions must be taken to
prevent clogging of spray nozzles,
minimize overwatering, and
minimize production of runoff.
Pipelines must be maintained to
prevent leaks.

Quarterly recycled water systems
inspections to assure proper
operation, absence of leaks, etc.

Recycled water and spray shall be
confined to the authorized use
area.

Inspection, supervision, and
employee training shall be
provided by User to assure safe
and proper operation of the
recycled water system. User should
maintain records of inspection and
training.

The user ... shall design, install,
construct, provide all work or
services, necessary or useful to
provide and maintain irrigation ...
Such modifications include, but are
not limited to, sprinkler changes or
modifications (including those
needed to prevent recycled water
from leaving the irrigated area
boundaries), quick-coupler
modifications or installation, repair
of irrigation system leaks ...”

Source
WDR/MRP A.2.

WDR/MRP B.8.

WDR/MRP B.17.

City Use Area
Requirements

City Use Area
Requirements

City’s Recyled
Water User
Agreement9.C.(8)

Comment

It would seem that the
exisiting permit conditions
address detection of leaks; it
may be necessary for a permit
amendment to address the
notification requiements in
the RW Policy.

7.a.(3) Refraining from
application during precipitation
events.

Recycled water shall not be used
for irrigation during period of
extended rainfall and/or runoff.

WDR/MRP B.9.

This is addressed in the
existing permit; the City may
want to add this to the Use
Area Requirements

7.a.(4) Management of ponds
containing recycled water such
that no discharge occurs unless
it is the result of a 25-year, 24-
hour storm event or greater,
and the RWQCB Executive
Officer has been notified of the
discharge.

This may need to be
addressed in a permit
amendment if sites include
ponds.

2-6
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Section 2  TM No.2 — Permitting Requirements and Considerations for Membrane Filtration for Recycled Water

Section 7.b.(3) of the RW Policy requires priority pollutant monitoring twice per year for landscape
irrigation projects except for small disadvantaged communities. The language in the RW Policy is
vague and does not specify what has to be monitored (recycled water only, groundwater, etc.). Based
on a June 8, 2012 meeting with WateReuse California and SWRCB staff, it appears that the intent of
this provision is for priority pollutant monitoring to be required for recycled water only. Groundwater
monitoring would only occur on a case-by-case basis if recycled water data indicated that
groundwater quality is threatened. In July 2012, WateReuse California submitted comments to the
SWRCB with suggested language changes to clarify the intent of the monitoring provisions as part of
an ongoing amendment process for the RW Policy. The amendment is not expected to be adopted until
early 2013. However, it is likely that the Monitoring and Reporting Program in the WDR/MRP would
be modified to include priority pollutant monitoring and possibly other constituents of interest to the
RWQCB. The RW Policy amendment is not including monitoring constituents of emerging concern for
landscape irrigation projects.

As a note of caution, there are additional provisions in the RW Policy that specifically apply to
streamlined permitting (Section 7.c) for landscape irrigation projects, that could be misapplied by the
RWAQCB even if the City was not pursing a streamlined permitting process. These provisions include:

= Application in amounts and at rates as needed for the landscape (i.e., at agronomic rates and not
when the soil is saturated). Each irrigation project shall be subject to an operations and
management plan, that may apply to multiple sites, provided to the RWQCB that specifies the
agronomic rate(s) and describes a set of reasonably practicable measures to ensure compliance
with this requirement, which may include the development of water budgets for use areas, site
supervisor training, periodic inspections, tiered rate structures, the use of smart controllers, or
other appropriate measures. Note: some, but not all, of these measures are already being
undertaken by the City.

= Appropriate use of fertilizers that takes into account the nutrient levels in the recycled water.
Recycled water producers shall monitor and communicate to the users the nutrient levels in
their recycled water.

Another note of caution is warranted about the RWQCB adding or modifying requirements to the
WDR/MRP based on provisions that have been included in the SWRCB General Landscape Irrigation
Permit (General Permit).* Some of the more controversial provisions to be aware of are:

» The direct or indirect discharge from use areas of recycled water to surface waters is
prohibited, unless otherwise authorized by an NPDES permit. Note: this may prohibit even
insignificant discharge authorized under the WRD/MRP unless this type of runoff is covered under
a Municipal Stormwater NPDES permit.

= Best management practices presented in Attachment C of the General Permit.

= Users must designate site supervisors with specific responsibilities identified in the General
Permit. Note: the City’s Recycled Water User Agreement (Provision 8) largely meets this condition.

= An operations plan and an irrigation management plan with specific provisions identified in the
General Permit.

* http://www.swrcb.ca.gov/water_issues/programs/water_recycling_policy/docs/wqo_2009_0006_general_permit.pdf
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= Specific requirements for site supervisor training. Note: the City’s Recycled Water User
Agreement (Exhibit B) requires that the user provide training for inspection, supervision, and
employees to assure safe and proper operation of the recycled water system.

2.2.3 Compliance with CWC MPR Requirements

CWC section 13523.1(b) establishes the six conditions that must be included in all MPRs. These
conditions have been evaluated in comparison to the 1997 WRD/MRP to identify any potential areas
where modifications may be warranted if the WDR/MRP is amended to ensure compliance with the
CWC.

=  WDRsrequirements. These are included in the WDR/MRP.

*= Arequirement that the permittee comply with the uniform statewide reclamation criteria.
These are included in Standard Provision 6.

= Arequirement that the permittee establish and enforce rules or regulations for reclaimed water
users, governing the design and construction of reclaimed water use facilities and the use of
reclaimed water. The WDR/MRP Monitoring and Reporting Program requires the City to provide
user guidelines to each Site Supervisor and instructions for implementing the guidelines.
Guidelines are included on the City’s website5 and in the Recycled Water User Agreements. It is not
clear if “guidelines” would entirely satisfy this CWC condition or if the guidelines would have to be
formally adopted by the City in some manner.

* Arequirement that the permittee submit a quarterly report summarizing reclaimed water use,
including the total amount of reclaimed water supplied, the total number of reclaimed water
use sites, and the locations of those sites, including the names of the hydrologic areas
underlying the reclaimed water use sites. The WDR/MRP Monitoring and Reporting Program
requires the City to submit monthly reports; however, the reports may not include all of the
information included in this CWC condition.

= Arequirement that the permittee conduct periodic inspections of the facilities of the reclaimed
water users to monitor compliance by the users with the uniform statewide reclamation criteria
and the requirements of the MRP. The WDR/MRP Monitoring and Reporting Program requires
the City to conduct quarterly inspections.

*= Any other requirements determined to be appropriate by the RWQCB. These are included in the
WDR/MRP.

2.2.4 Recommendations

Based on this evaluation, the following recommendations are offered.

= Ifatall possible, the City should work with the RWQCB to just amend the existing WDR/MRP to
accommodate necessary changes in lieu of a new or substantively revised permit. This seems
justified given that the modifications are for the same category of Title 22 recycled water
covered by the existing WDR/MRP. This level of effort would save resources for both agencies

> http://www.santabarbaraca.gov/NR/rdonlyres/Di0Fg6E1-5E16-4C49-8F79-
C2796FE86315/0/RecycledWaterUseRequirements.pdf
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and perhaps avoid the inclusion of provisions that have been controversial in other permitting
efforts around the State.

= Assoon as practicable, the City should submit an Engineering Report to CDPH and RWQCB for
the use of recycled water for toilet flushing, an ongoing use not currently authorized in the
WDR/MRP. At the appropriate time, based on project planning and implementation, the City
should submit an Engineering Report to CDPH and RWQCB for the use of recycled water for car
washing and laundries.

* The City should submit a report of waste discharge to the RWQCB to amend the 1997
WDR/MRP to address the conversion to membrane filtration; the use of recycled water for
toilet flushing, car washing, and laundries; flow volumes (if necessary); and changes to the
Monitoring and Reporting Program. It is recommended that all of these changes should be
addressed in one permit action.

» The City should be aware that the RWQCB may need to revise the WDR/MRP to address new
provisions in the RW Policy, specifically the notification provisions related to leaking sprinklers
and pond management. The City should be cautious of other problematic and/or unwarranted
provisions that could end up in a permit amendment.

= Changes to the WDR/MRP may also necessitate changes to the User Guidelines and Recycled
Water Agreements. Some additional consideration should be given to the status of the
Guidelines to determine if they should be formally adopted to meet the conditions of the CWC
for MRPs.

2.3 EEWWTP NPDES Permit Requirements

Backwash from the MF/UF System and neutralized chemical clean-in-place waste will be routed to the
EEWWTP headworks for treatment, as described in Section 4. Therefore, there would be no significant
change in the discharge to EEWWTP that requires notification to the RWQCB to meet NPDES
requirements. In addition, because the MF/UF System is separate from the ocean discharge treatment
system, there is no need to notify the RWQCB or modify the NPDES Permit if the membrane filtration
system is added to the recycled water system.

However, in reviewing the NPDES Permit, there are several provisions related to the 1997 WRD/MRP
that warrant some discussion.

NPDES Permit: Provision 1V. Effluent Limitations and Discharge Specifications

“C. Reclamation Specifications

The Discharger shall comply with Waste Discharge Requirements and Master Reclamation WDR/MRP
Order No. 97-44 for reclaimed water production and usage. The Discharger shall comply with
applicable state and local requirements regarding the production and use of reclaimed wastewater,
including requirements of California Water Code (CWC) sections 13500 - 13577 (Water Reclamation)
and Department of Health Services (DHS) regulations at title 22, sections 60301 - 60357 of the
California Code of Regulations (Water Recycling Criteria).”

Comment: The WRD/MRP requires that the turbidity requirement be met anywhere in the treatment
process following filtration. This requirement is currently being attained by blending recycled water
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with potable water. Based on this provision in the NPDES Permit, this practice could constitute a
violation of both the NPDES Permit and WDR/MRP with concomitant civil and criminal liability. It is
not necessary to include a water recycling limitation in the NPDES Permit. It should be deleted when
the NPDES Permit is next renewed (2015).

Attachment E — Monitoring and Reporting Program: VII. Reclamation Monitoring Requirements

“The Discharger shall comply with Waste Discharge Requirements and Master Reclamation
WDR/MRP Order No. 97-44 for reclaimed water production and usage. The Discharger shall comply
with applicable State and local monitoring requirements regarding the production and use of
reclaimed wastewater, including requirements established by the California Department of Public
Health at title 22, sections 60301 - 60357 of the California Code of Regulations, Water Recycling
Criteria.”

Comment: This provision in the Monitoring and Reporting Program is superfluous and unnecessary. It
should be deleted when the NPDES Permit is next renewed (2015).

Attachment F — Fact Sheet: IV.G. Reclamation Specifications

“The Order does not address use of reclaimed wastewater except to require compliance with
applicable State and local requirements regarding the production and use of reclaimed wastewater,
including those requirements established by the California Department of Public Health at title 22,
sections 60301 - 60357 of the California Code of Regulations, Water Recycling Criteria.”

Comment: Fact Sheets are now considered part of the “formal” NPDES Permit for purposes of
compliance and enforcement. ¢ It is not necessary to include a water recycling limitation in the NPDES
Permit. It should be deleted when the NPDES Permit is next renewed (2015).

2.4 Santa Barbara County Air Pollution Control District Permits

The U.S. Environmental Protection Agency and the California Air Resources Board have established
health-based clean air standards and have given the Santa Barbara County Air Pollution Control
District (APCD) the primary authority for controlling air pollution from local stationary sources.

® When the SWRCB shifted to the NPDES permit template, the Fact Sheet became an enforceable part of the
permit. Typically, the first page of a permit should include a statement like this signed by the Executive Officer:
“I, [name], Executive Officer, do hereby certify that this Order with all attachments is a full, true, and correct
copy of an Order adopted by the California Regional Water Quality Control Board, [Region] on [date]. Certainly
the template was in place when the 2010 Santa Barbara NPDES Permit was adopted; however, the Executive
Officer Statement does not conform with the intent of the template: “IT IS HEREBY ORDERED, that Order No. R3-
2004-0122 is rescinded upon the effective date of this Order except for enforcement purposes, and, in order to
meet the provisions contained in division 7 of the Water Code (commencing with section 13000) and regulations
adopted thereunder, and the provisions of the federal Clean Water Act (CWA) and regulations and guidelines
adopted thereunder, the Discharger shall comply with the requirements in this Order.” However, Finding D. in
the NPDES Permit states: “The Fact Sheet (Attachment F), which contains background information and rationale
for Order requirements, is hereby incorporated into this Order and constitutes part of the Findings for this
Order. Attachments A through F are also incorporated into this Order.” Thus, it is expected that the RWQCB
would argue that the Fact Sheet is an enforceable part of the permit.
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APCD permits may be required for the new chemicals being stored and used as part of the MF/UF
System. This is because some chemicals have a tendency to off-gas and air quality permits may be
required. The following is a list of all chemicals that will be used for the MF/UF System.

*= Aqueous ammonia for chloramination (part of the secondary improvements project)
*  Sodium hypochlorite for chloramination and clean-in-place (CIP)

=  (itric acid for CIP

*=  Sodium hydroxide for CIP

Aqueous ammonia has a strong tendency to off-gas. Storage tanks for aqueous ammonia typically
require a water bath on the vent to minimize the release of gas into the atmosphere. The City plans to
build the aqueous ammonia storage and feed system as part of the secondary improvements project
because aqueous ammonia is needed for chloramination of both the Title 22 recycled water and the
effluent that is sent to the ocean outfall. The aqueous ammonia will be added to the secondary effluent
channel. For the MF/UF System, aqueous ammonia will only need to be added after the planned
secondary improvements are completed because, until that time, the secondary process will not fully
nitrify and there will be ammonia available in the secondary effluent for the formation of chloramines.
During design of the secondary improvements project, it is recommended that the City work with the
APCD to obtain permits for the aqueous ammonia storage and feed system. This may be a new permit
or a modification to an existing permit at the EEWWTP. The APCD may also allow exemptions to
permits, but an APCD review of the design would be required prior to granting an exemption.

Sodium hypochlorite improvements for the MF/UF System include the addition of feed pumps only.
The existing on-site sodium hypochlorite storage tanks will be used. No additional permitting from the
APCD is expected for the sodium hypochlorite pumps added for the MF/UF System beyond that
currently in practice.

Both citric acid and sodium hydroxide storage will be provided in either storage drums or totes with
diaphragm metering pumps. These small portable storage containers typically do not require APCD
approval.

2.5 Santa Barbara Building Permits

The City of Santa Barbara’s Department of Public Works (DPW) oversees residential, commercial and
industrial construction within the City. Based on the information provided by DPW, a Planning
Commission & Staff Hearing Officer Process is required to apply a building permit for the new
EEWWTP improvements. The initial documents needed to be submitted to the Development
Application Review Team (DART) include but not limited to the following:

= Master Application Form

* Planning Commission & Staff Hearing Officer Submittal Cover Letter
= Ten Copies of Project Plans

*= Photographs of the Project Sites

=  Public Notice Requirements
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» Hydrology Calculations

* Preliminary Title Report

*= Coastal Development Permit Application

= Coastal Development Permit Tenant Notification Instructions
* Coastal Development Permit Tenant Notification Affidavit

=  On-Site Posting Instructions

= Hazardous Waste and Substances Requirement

The application forms and checklists downloaded from the City’s website are provided in the
Appendix C-6. Upon submittal of the building permit application, the City will assign a Case Planner,
who will be responsible for coordinating the staff review. During review of the application, additional
information and studies may be necessary before the application is determined to be complete and
additional processing can occur.

In addition to the building permit and inspections, which will likely be required, several other forms
and guidelines may apply to this project, including:

» Project Clearance form

= “As-Built” Construction Plan Submittal Requirements

=  Commercial Plan Submittal Requirements

= Interior Demolition Permit Requirements

= Parking Lot Repaving- Restriping Submittal Requirements
= Best Management Practices for Construction Activities

= Access Compliance 2011

» Construction Valuation Form

= Inspection Request form

It is important to coordinate closely with the City’s DPW throughout planning and construction to
comply with all necessary requirements.
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Leonel Almanzar, CDM Smith
Alan Hahn, CDM Smith
Jeff Woon, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.3
- Geotechnical and Structural Design Criteria

3.1 Introduction

This Technical Memorandum No.3 (Filtration TM No.3) provides the structural and geotechnical
evaluation for the preliminary design of tertiary filtration facilities at El Estero Wastewater Treatment
Plant (EEWWTP) in City of Santa Barbara (City).

3.2 Geotechnical

The following section provides the geotechnical design criteria for the various components of the
proposed Membrane Filtration Facility.

3.2.1 Applicable Codes, Standards, and References

The geotechnical and foundation design for the proposed improvement should conform to local
engineering practice, soil properties and the minimum requirements of the California Building Code
(CBC, 2010), the Standard Specifications for Public Works Construction (Greenbook), and the City
standards. The recommended design criteria are based on performance tolerances, such as allowable
settlement, as understood to relate to similar structures.

3.2.2 Existing Geotechnical Conditions and Previous Studies

The information presented in this memorandum was based on a review of available data in the site
vicinity performed by others as well as published geology maps. A site-specified geotechnical
investigation has not been performed at the time of this memo. The following geotechnical reports
were provided by the City for the review:

» Staal, Gardner & Dunne, Inc., (1987), “Geotechnical Investigation, Reclaimed Water Project,
Santa Barbara Wastewater Treatment Plant, City of Santa Barbara, California,” prepared for
CH2M Hill California, September.
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= Staal, Gardner & Dunne, Inc., (1988), “Report of Pile Driving Observations, Reclaimed Water
Project, Santa Barbara Wastewater Treatment Plant, Santa Barbara, California,” prepared for
CH2M Hill California, Reference C86125, October 19.

The 1987 report consisted of four Cone Penetration Test (CPT) soundings within the plant. CPT-1 was
located near the footprint of the existing Filter Complex.

The site and the City of Santa Barbara are located in the western portion of the Transverse Ranges
geomorphic province of California. The site is located on a coastal plain, on a small alleviated plain and
bounded by the east-west trending Santa Ynez Mountain Range to the north and the Santa Barbara
Channel to the south.

3.2.2.1 Subsurface Conditions

Based on the previous investigations, the subsurface conditions at the site consisted of artificial fill
overlying Estuarine Deposits and the Older Marine Deposits.

= Artificial Fill - Fill materials were encountered over most of the site in the previous
investigation. Fill generally consists of loose to medium dense silty sand and sandy silt with
variable amounts of clay, gravel and debris. The fill was likely associated with site development
and the original plant construction. Based on the CPT interpretation, fill thickness varies and is
estimated to be 8 feet in the vicinity of the existing Filter Complex. Fill thickness ranged from 10
to 16 feet in the vicinity of the chlorine contact basin and the reclaimed water reservoir.

» Estuarine Deposits — Underneath the fill, estuarine deposits consisting of gray, lenticular
interlayered, soft to medium stiff silty clay and sandy clay, and loose to medium dense silty and
clayey sand with localized sand silt were encountered. The thickness of these deposits ranged
from approximately 15 to 50 feet.

*= Older Marine Deposits — Older marine deposits consisting of medium dense to dense clayey
sand and sandy silt and stiff clay were encountered beneath the estuarine deposits throughout
the site. The thickness of the marine deposits is not known.

Previous investigations indicated groundwater ranged from -4 to 5 feet above MSL. A groundwater
level of 4 feet MSL was recommended for previous design.

3.2.2.2 Faulting and Seismicity

The project site is situated in a seismically active region. As is the case for most areas of southern
California, ground-shaking resulting from earthquakes associated with both nearby and more distant
faults is likely to occur during the life of the project.

The site or the City and its sphere of influence are not located within a currently designated State of
California, Alquist-Priolo Earthquake Fault Zone (A-P Zone) for the Santa Barbara Quadrangle. The
closest state-mapped fault is the Red Mountain Fault in western Ventura County located more than 10
miles from the plant. The San Andreas Fault zone is more than 40 miles northeast of the City.

There are several potentially active faults that pass through the City of Santa Barbara and the
surrounding community. The potentially active faults include the La Mesa Fault, More Ranch Fault,
Mission Ridge Fault, Lavigia Fault, Lagoon Fault, and the Montecito Fault. During the life of the project,
seismic activity associated with active faults in the area may generate moderate to strong ground
shaking at the site. It should be noted that the plant site is mapped within an area considered to have
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high liquefaction potential during a seismic event according to the Environmental Impact Report for
the Planned Santa Barbara General Plan Update (AMEC 2010).

3.2.3 Plant Expansion Geotechnical Issues

The artificial fill and the soft estuarine deposits are not suitable for support of structures without the
potential to experience detrimental differential settlement. The loose sandy soils are potential
susceptible to liquefaction during a seismic event.

The existing Filter Complex is being supported on 12-inch square precast prestressed concrete piles. It
is planned to demolish the existing structures to the foundation slab to accommodate the construction
of the proposed Membrane Filtration Facility. The existing piles will be re-used for support of the new
structures. Based on the proposed layout, the existing piles do not underlie the entire footprint of the
proposed facility. It is anticipated that additional pile foundation will be required to supplement
existing piles to support the proposed facility. Due to the non-uniform nature of the artificial fill, it is
not adequate for support of the miscellaneous containment structure. The miscellaneous structures
can be supported on thickened slab/concrete mat bearing on a zone of compacted engineered fill.

3.2.4 Recommended Additional Geotechnical Studies

To provide site specific geotechnical recommendation for final design, we recommend that a boring
and/or a CPT be performed in the vicinity of the proposed expansion to obtain subsurface data for
foundation design. The supplemental subsurface data will be reviewed to evaluate liquefaction
potential based on current seismic criteria, provide foundation design for pile and shallow foundation,
and earthwork recommendations for the support of the structures.

3.3 Structural Design Criteria

The following section provides the structural design criteria that will be used for the various
components of the proposed Membrane Filtration Facility. These design criteria provide minimum
requirements and will be used as a guide in the design and construction of all facilities. Criteria may be
modified with approval by the structural engineer where appropriate for specific circumstances. All
items noted herein which require approval will be reviewed and approved by the structural engineer
for the project.

3.3.1 Applicable Codes, Standards, and References

Although there are many codes, standards, specifications and design aids used by various structural
engineers, this section outlines the primary documents that will be used for the structural design
phase of the project.

The strength, serviceability, and quality for materials and design procedures will meet the
expectations of the following codes, standards, and references:

= 2010 California Building Code (CBC)
= American Society for Testing and Materials (ASTM)

= ACI318-2008/ACI 318R-2008 -- Building Code Requirements for Structural Concrete, American
Concrete Institute (ACI)
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* American Society of Civil Engineers (ASCE) 7-2010: Minimum Design Loads for Buildings and
Other Structures. American Society of Civil Engineers/Structural Engineer Institute

*= Code of Federal Regulations, 29 CFR Part 1910, OSHA

= AWWAD100-2005: Welded Carbon Steel Tanks for Water Storage. American Water Works
Association (AWWA)

» AWWAD103-2009: Factory Coated Bolted Carbon Steel Tanks for Water Storage. American
Water Works Association (AWWA)

=  ADM-2005: Aluminum Design Manual (ADM). The Aluminum Association
= AISC (13th Ed): Steel Construction Manual. American Institute of Steel Construction (AISC)

*=  Current International Code Council Evaluation Service (ICCES) reports for specific products

3.3.2 Existing Structural Systems

The existing Filter Complex structural system consists of a reinforced concrete tank with multiple
levels foundations supported on 12” square concrete piles. The structure was designed to meet the
requirements of the 1988 Uniform Building Code (UBC).

The existing Solids Handling Building (SHB) is a reinforced concrete structure with steel roof beams.
The structure was designed to meet the requirements of the 1988 Uniform Building Code (UBC). This
structure was included in the Structural Assessment report by Coffman Engineers dated December 10,
2012, which indicates that the seismic resisting systems of the SHB are not able to withstand the
current loads associated with a design ground motion as required by the 2010 California Building
Code (CBC), and that further analysis is required if the structure is to be improved to meet the
requirements of the current code.

The proposed modifications of the SHB will not impact or change the main structural system of the
building, therefore seismic evaluation of the building to meet new building code is not required as part
of the presented building modifications and therefore not discussed in this preliminary report.
However, it is recommended that a structural analysis of the building be performed in the future in
order to determine the actual response of the structure under new seismic codes and if any seismic
retrofit is required in order to provide adequate seismic resistance level of the facility. This scope of
work may be included in the Final Design.

3.3.3 Proposed Structural Modifications and Upgrades

The existing Filter Complex structure will be demolished below the foundation slab and new concrete
will be added to provide a level surface for the proposed Membrane Filtration Facility. The existing
piles will be reviewed for adequacy to resist gravity and lateral loads per the 2010 CBC, and if
required, additional piles will be added to provide the capacity required to meet the current building
code. In order to provide cover for the new equipment, a new pre-engineered canopy will be attached
to the existing concrete foundation.

The work for the Membrane Filtration Facility also consists of adding new compressed air system
equipment inside the existing Solids Handling Building. The existing floor slab will be analyzed for the
additional equipment loads to ensure conformance to the requirements of the 2010 CBC.
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In addition to the modifications to the existing Filter Complex structure and the existing Solids
Handling Building, new pile supported slabs will be provided to support new chemicals storage tanks
and metering pumps that are outside the plan area of the existing Filter Complex. These tanks will not
be covered by a canopy. Additionally, new slabs on grade will be provided outside the existing Solids
Handling Building for small secondary containment areas for chemical storage totes and metering
pumps.

3.3.4 Materials
3.3.4.1 Concrete

All concrete materials will conform to the requirements of ACI 318. Specific requirements for the
project are as follows:

= C(lass A Concrete: f'c = 2,500 psi for concrete fill, duct encasement, and where noted.
= (lass B Concrete: f'c = 3,000 psi where noted (misc. site civil structures).

= (Class D Concrete: f'c = 4,000 psi for all structural concrete, unless otherwise noted.
*  One inch nominal maximum aggregate size (maximum, for design).

» Reinforcing Steel: ASTM A706 or ASTM A615, Grade 60.

3.3.4.2 Structural Steel

Materials for structural steel will conform to the requirements of Chapter 22 of the CBC. Specific
additional requirements for the project are:

=  Structural wide-flange shapes: ASTM A992.

= Other structural shapes: ASTM A36.

= Structural plates and bars: ASTM A36 or ASTM A572 Grade 50.
= Structural steel tubes: ASTM A500, Grade B.

* High-strength steel bolts will have a minimum diameter of 5/8 inch and conform to the
requirements of ASTM A325, unless noted otherwise.

= Embedded anchor bolts will have a minimum diameter of 3/4 inch and conform to the
requirements of ASTM F1554, Grade 36, unless noted otherwise.

=  Where stainless steel is required for both dry and wet conditions, Type 316 stainless steel will
be used.

» All welding will be designed for electrodes that deposit weld metal with a tensile strength of
70ksi.

3.3.4.3 Aluminum

Aluminum materials will conform to the requirements of the CBC and ADM. Aluminum material will
not be used in a submerged condition. Specific requirements for the structural components used on
this project are as follows:
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= Alloy 6061-T6 for structural shapes and plates.
= Alloy 6063-T6 for extruded aluminum pipe.

Fasteners for aluminum connections will be Type 316 stainless steel with proper dielectric isolation
unless otherwise approved.

3.3.4.4 Concrete Anchors

Stainless steel anchors will be used for structural connections to concrete. Type 316 stainless will be
used.

3.3.5 Design Loads and Serviceability
3.3.5.1 Scope

All applicable loads and load combinations will be determined as required by the governing code,
occupancy, site and environmental effects, equipment and processes. Appropriate load combinations,
allowable stresses, load factors and safety factors (as applicable) will be established at the beginning
of preliminary design and confirmed at the beginning of final design.

3.3.5.2 Dead Load

Dead loads shall be based on the weight of all fixed construction such as walls, partitions, floors, roofs,
cladding, equipment bases and all permanent, non-removable, stationary furnishings.

A uniform collateral load of 10 pounds per square foot (psf) in buildings and 5 psf in canopies will be
considered in addition to the dead load of the structure. Weight of all mechanical equipment to be
supported by the structure shall be considered if greater than the design collateral load.

3.3.5.3 Live Load

The rooflive loads shall be based on the area tributary to the member or element under consideration.
The minimum roof live load shall be 20 psf. Floor design live loads are summarized below:

= Process floors, including grating 200 psf;
= Electrical rooms 300 psf; and
=  Stairways, corridors, walkways, catwalks 100 psf;

3.3.5.4 Wind Load

Wind load generation shall be based on the following parameters:
=  Occupancy Category III;
= Basic Wind Speed = 85 mph (3 second gust);
= Exposure Category C; and
=  Wind Importance Factor I =1.15.

3.3.5.5 Seismic Load

Seismic load generation shall be based on the following earthquake parameters and will be later
verified with a Supplemental Geotechnical Report.

CDM
36 Smith
ocument Code



Section 3 e TM No.3 — Geotechnical and Structural Design Criteria

Spectral response accelerations follow:
= S:=2.097g;
= 51=0.801g;and
» Site Class D.
Earthquake spectral response acceleration parameters follow:
» Sms=F.*Ss=1.00*2.097 =2.097 g;
» Sw1=Fy*$1=15%0.801=1.201g;
» Sps=2/3*Sus=1.398g;
* Sp1=2/3*Sm1=0.801g;
=  Seismic Design Category E;
*  Occupancy Category III;
»  Seismic Importance Factor I = 1.25 (structures); and
»  Seismic Importance Factor I, = 1.00 (equipment anchorage).

3.3.5.6 Process Liquid Loads

Design will be performed for liquid loads assuming liquid surface at the maximum working level using
normal allowable stresses, or the load factor for a fluid load, as appropriate. In addition, design will be
performed assuming the liquid surface at the maximum possible level under surcharge conditions
using an increase in allowable stresses, or the load factor for a dead load, without durability factor as
appropriate.

Closed liquid containing structures will, whenever possible, be vented to preclude pressurization or
depressurization. However, certain structures may experience pressure or vacuum effects due to
particular mechanical or process systems, or the malfunction of systems or components. In such cases,
design will be performed for the maximum water, air or gas pressure as provided by the mechanical-
process discipline in preliminary design.

3.3.5.7 Equipment Loads

Loads from equipment will be considered live loads. The maximum loads and support details for each
major piece of equipment will be provided by the discipline designing or specifying it. Final weights of
process-mechanical equipment will be established during preliminary design. Preliminary weights of
building service equipment (HVAC, plumbing, and electrical) will be established during preliminary
design, and confirmed during final design.

In addition to the mechanism’s static dead load, design will be performed for other effects, such as
those due to operation, maintenance and malfunction. Examples include, but are not limited to, the
following:

= Rotating equipment: Design will be performed for moment, torque, and lateral /vertical thrust.
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=  All equipment: Design will be performed for required maintenance procedures, such as the
removal of a large component and the placing of it temporarily on the adjacent structure.

3.3.5.8 Combination of Loads

Design will be performed for combinations of loads, along with appropriate load factors or allowable
stresses, in accordance with the governing code[s]. In the absence of specific direction by the code, the
most severe distribution, concentration and combination of design loads and forces will be used.
These combinations may be limited by practical considerations, such as the following.

= Combination of certain loads will not be considered when the probability of their simultaneous
occurrence is negligible. Such loads include wind and seismic on superstructures; and seismic,
live load surcharge, and flood on substructures.

*= Anincrease in allowable stress of 33-percent, or a reduced load factor of 0.75, will be applied to
the entire load combination where such is permitted for any of the loads considered in the
combination.

3.3.5.9 Serviceability

Additional requirements for serviceability will be considered as provided in subsequent sections and
referenced standards for specific materials.

3.3.5.9.1 Deflection

Design will be performed to limit deflections to the following. In cases indicated with an asterisk (*),
deflection limit will apply to live load effects only. For monorails and cranes, impact need not be
included.

*=  Monorails, including the effects of differential support deflection L/450

* Bridge crane girders L/1000
=  Floor plates and gratings* L/360
* Beams, lintels or slabs supporting masonry L/720

(3/8 inch maximum at windows)

*= Roofs without plastered ceilings* L/240
= Roofs with plastered ceilings* L/360
=  Floors, steel framed* L/360
=  Floors, concrete In accordance with ACI 318
=  Floors, wood L/360

3.3.6 Foundation Design
3.3.6.1 Scope

Criteria will be established for the design of structure foundations in coordination with the
geotechnical recommendations. Permanent structure foundation elements will be designed to
distribute loads to the supporting soil, rock, or piling in accordance with their allowable loads, and to
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accommodate predicted deformations of the structure caused by settlement or movement of the
supporting elements. Piling elements (piles and caissons) will be designed as structural elements to
the accommodate stresses generated by the design loads. The design of the transmission of loads from
the pilings to the supporting soil or rock will be performed by the geotechnical discipline. Structure
foundation elements will be designed to resist effects of groundwater, including buoyancy.

3.3.6.2 Shallow Foundation Support

Design of shallow foundation elements (footings and mats), including excavation and backfill limits
and details, will be performed in accordance with the recommendations of the geotechnical report.

To the extent possible, buried piping and ductbanks will be maintained outside the influence zone of
the foundation elements. Limits of this zone will be established based on bearing materials’
characteristics as documented in the geotechnical report. At a minimum, this zone will be defined by a
line extended outward and downward from the bottom corners of a foundation element at a 1 vertical
to 1 horizontal slope. A reinforced concrete encasement or other appropriate protection will be
provided for any utilities extending into this zone.

3.3.6.3 Deep Foundation Support

Piling will be designed in accordance with the recommendations of the final geotechnical report.
Where a transition is required from pile supported to soil supported elements of a structure, design
will be performed to accommodate the predicted deformation from such a transition.

Lateral loads to the structures will be resisted by the piling elements, the surrounding elements, or
both. Where appropriate, the strain compatibility of the elements will be considered to determine the
distribution of the lateral reactions.

3.3.7 Concrete Design
3.3.7.1 Scope
Design of all cast-in-place, site-cast, and precast concrete structures will be performed, except as

indicated below. Member sizes, reinforcement, and details will be determined in accordance with the
governing code|[s].

Design of site concrete work, such as paving, curbing, and sidewalks will be performed by the civil
discipline. Design of the following structures and elements will be performed by the fabricator or
erector, in accordance with criteria provided in the contract documents.

»  Precast site structures, including manholes, vaults, pipe, culverts, and headwalls

3.3.7.2 General Design and Detailing Concepts
3.3.7.2.1 Joints
Design will be performed using the following joint types.

= Isolation joints are formed discontinuities in or between structures which allow movement in
any direction. They are not considered to be load-transferring joints. The movement may be due
to anticipated settlements, differential deflections, or temperature and shrinkage.

= Expansion joints are formed discontinuities in or between structures that allow movement
perpendicular to the plane of the joint only. They are not considered to be load-transferring
joints. Most often, this movement is due to both expansive and contractive forces generated by
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temperature and shrinkage. This movement is accommodated by providing smooth dowels
across the joint, debonded on one side. Expansion joints are normally constructed using a joint
filler that has sufficient stiffness to maintain its shape during concrete placement, but
compresses under the subsequent movement. Keys will not be used in expansion joints. The
end surfaces of the elements forming the joint will have face reinforcing to prevent spalling.

= Contraction joints function as a plane of weakness for crack formation to dissipate shrinkage
stresses, and are not considered to be load-transferring joints. They may be formed by use of a
bond breaker between concrete placements, discontinuing reinforcing steel, forming or sawing
a partial depth groove, or by a combination of these methods. Keys will not be used in
contraction joints.

=  Control joints are a form of contraction joint often used specifically for environmental
engineering structures. They are usually not employed as load transferring joints, but do have a
limited capacity for load transfer, and can be used as such with caution. A bondbreaker is
applied to the joint plane and only 50 percent of the reinforcing steel passes through the joint.
Keys will not be used in control joints.

= Construction joints are formed joints between adjacent concrete placements and are designed
to be load-transferring joints. Bond between the placements is promoted and reinforcing steel
is continuous through the joint so that the section behaves as though it was monolithically
constructed. The surface of the first placement will be roughened to promote bond. Keys will
not be used unless project requirements dictate and use is approved.

3.3.7.2.2 Layout and Design

The jointing system layout will be determined at the beginning of preliminary design. Joint types,
locations, and related criteria will be selected. All joints will go through the entire structure in one
plane whenever possible. Staggers and offsets will not be used for expansion, control and contraction
joints, and avoided for construction joints unless absolutely necessary.

3.3.7.2.3 Waterstops

Continuous waterstops will be provided in all joints in walls, slabs, and other elements separating the
following spaces. Additional installations may be required by special project conditions.

= Between areas of secondary containment and external areas (air or soil)

Waterstops in vertical joints will be extended to 4 inches below the top of the wall, or to the first
horizontal joint above the design process liquid or groundwater level, whichever is lower. For
horizontal joints at the intersection of walls and slabs, starter walls will be provided as required to
avoid interference between the waterstop and horizontal reinforcing. For new construction,
waterstops will be ribbed PVC, 9 inches wide with a center bulb at expansion joints and 6 inches wide
at control and construction joints.

3.3.7.3 Reinforcement
3.3.7.3.1 Spacing

In general, 6 inches and 12 inches will be used as the basic spaces for detailing on continuous
elements such as walls and slabs.
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3.3.7.3.2 Splices

Splices in deformed reinforcing bars will be lap splices conforming to ACI 318, unless otherwise
indicated. For tension members, full penetration welded splices will be used. In circular tanks
designed for ring tension, splice locations will be staggered. Mechanical splicers will be used only in
noncritical applications where failure of the splice would not result in structural failure. When used,
they will be the threaded-type mechanical splicers.

3.3.7.3.3 Bends

For beams, slabs, joists and similar members, straight longitudinal bars will be used rather than bent
longitudinal bars whenever possible.

3.3.7.3.4 Preferred Reinforcing

To the extent possible, the preferred (outermost) reinforcing in continuous members (slabs and walls)
within a system will remain consistent even if the spanning direction of the various members within
the system varies.

3.3.7.4 Anchors and Embedments
3.3.7.4.1 Anchor Types

Design will be performed using the following anchor types.

= (Cast-in anchors are set prior to casting of the concrete. Anchor bolts are the most common type,
used in applications such as anchoring of steel columns. Other types include bolts with
embedded plates, strap anchors, and headed anchor studs.

= Expansion anchors are generally drilled-in bolts that engage the concrete substrate by using a
sloping mandrel to force wedges into the sides of the hole during tightening.

= Adhesive anchors are generally drilled-in bolts that engage the concrete substrate through the
chemical bonding by a resin. Reinforcing dowels may also be anchored in this manner.

3.3.7.4.2 Selection

Cast-in anchors generally provide the greatest assurance of adequacy and will be used whenever
practical. Cast-in inserts (threaded receptacles set below the concrete surface) will be avoided unless
necessary, due to the difficulty of verifying adequate thread engagement. Drilled-in anchors will be
used when greater flexibility is required in positioning the anchored elements. Expansion anchors will
be used in non-critical applications only and not for tensile or vibratory loads.

3.3.7.4.3 Design

Anchor bolts may be designed using the allowable loads and location restrictions provided in the
concrete provisions of the Uniform Building Code. Otherwise, design for allowable loads will be
performed by either an analysis that considers the controlling failure mode (including anchor failure,
bond failure, and substrate failure), or in accordance with the results of an independent testing
program. In determining allowable loads, the effects of anchor spacing, edge distance, and combined
loadings will be considered.
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3.3.7.5 Systems and Elements
3.3.7.5.1 Elevated Slabs

Structural slabs less than 8 inches in thickness will be designed with a single grid of reinforcing steel;
structural slabs 8 inches or greater in thickness will be designed with two grids of reinforcing steel,
unless the cover and bar sizes required would result in concrete placement problems.

3.3.7.5.2 Walls

Walls less than 10 inches in thickness will be designed with a single grid of reinforcing steel; walls 10
inches and greater will be designed with two grids. Walls less than 12 inches thick will be restricted to
less than 10 feet high for any one placement, to avoid concrete placement and consolidation.

3.3.8 Pre-engineered Metal Structures

Pre-engineered metal building and canopy shall be designed following structural performance
technical specification to be provided during detailed design, and additional requirements described
herein.

End rigid frames shall be the same as interior rigid frames. No moment transfer shall be provided into
the foundation. Framed openings shall be designed to structurally replace the covering and framing
displaced.

The design will provide roof and wall bracing systems. Bracings or portal frames shall be designed for
controlling wind load or earthquake load combinations and movements. Brace compression flanges of
structural members as required by code. Chemical canopy structure lateral load system shall be
designed with portal frames to provide unobstructed bay openings.

The size of the prefabricated components and the field connections required for erection shall permit
easy assembly and disassembly by means of the building manufacturer's standard fasteners and
construction tools. The maximum size of any shop-assembled component of the building shall permit
transportation from factory to site by commercial carrier.

Exterior covering shall be minimum 24-gauge galvanized steel conforming to ASTM A653, G90 coating
designation, factory color finished.

Flashing, trim, metal closure strips, caps, and similar metal accessories shall be not less than the
minimum thicknesses specified for covering. Molded closure strips shall be bituminous-saturated
fiber, closed-cell or solid-cell synthetic rubber or neoprene, or premolded PVC to match configuration
of the covering.

Fasteners for Metal Roof and Wall Panels shall be Self-drilling Type 410 stainless-steel or self-tapping
Type 304 stainless-steel or zinc-alloy-steel hex washer head, with EPDM or PVC washer under heads
of fasteners bearing on weather side of metal panels. Exposed wall fasteners shall be factory color
finished or provided with plastic color caps to match the covering.

3.3.9 Performance Specification Design
3.3.9.1 Scope

Criteria, standards, quality and submittal requirements will be developed for the design, fabrication,
and construction of permanent structures designed by the contractor, subcontractor, manufacturer or
vendor.
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For the following items, submittals required for review and approval during construction will include
complete drawings, material data, and design calculations.

* Pre-engineered Metal Building & Canopies

= Miscellaneous metal systems
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Marie Burbano, CDM Smith
Evelyn You, CDM Smith
Jason Yoshimura, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.4
—-Process Mechanical Design Criteria

4.1 Introduction

This Technical Memorandum No.4 (Filtration TM No.4) provides the preliminary design for tertiary
filtration treatment using membrane filtration for recycled water produced at El Estero Wastewater
Treatment Plant (EEWWTP) in City of Santa Barbara (City).

4.2. Design Criteria

This section summarizes the overall design requirements for the filtration system. As discussed in
Assessment Memorandum No.3 (CDM Smith. June 2012), the selected treatment process to provide
filtration of the recycled water at the EEWWTP is microfiltration (MF) or ultrafiltration (UF)
membrane filtration. The MF and UF membranes provide a physical barrier, resulting in more
complete rejection of particles greater than a specified size (on the order of 0.1 um for MF and on the
order of 0.01 pm for UF. Membranes of this kind remove particles down to such small sizes that they
both remove pathogens and also particles that adversely affect the aesthetic appearance of the water.
Membrane filtration has been successfully employed in the treatment of secondary effluent to make it
suitable for reverse osmosis (RO), which is the selected recycled water demineralization process as
discussed in Assessment Memorandum No.4 (CDM Smith, June 2012). It also meets Title 22 filtered
wastewater requirements without the use of RO. For the purposes of this memorandum, membrane
filtration and MF/UF will be used interchangeably.

4.2.1 Water Quality Goals

Recycled water quality criteria and usage are specified in Title 22, Division 4 of the California Code of
Regulations (CCR). EEWWTP produces recycled water that meets the Title 22 criteria for disinfected
tertiary recycled water. Depending on the groundwater basin and recycled water usage location, the
Regional Water Quality Control Board (RWQCB) can include additional requirements to Title 22. At
EEWWTP, the Central Coast Region of the RWQCB lists the current recycled water requirements in the
Waste Discharge Requirements and Master Reclamation Permit Order No. 97-44.
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Table 4-1 summarizes the primary water quality requirements for disinfected tertiary recycled water.

Table 4-1: EEWWTP Recycled Water Permit Requirements per Order NO. 97-44

Parameter

Requirements

Turbidity

2 NTU (Mean)
5 NTU (Maximum)

Total Non-filterable Residue (Suspended solids)

10 mg/L (Mean) *
25 mg/L (Maximum)

Settleable solids

0.1 mL/L (Maximum)

Total dissolved solids

1,500 mg/L (Maximum)

Cadmium

0.01 mg/L (Maximum)

Lead 5.0 mg/L (Maximum)

Total Coliform Most Probable Number (MPN)® 2.2 per 100 mL (7-day Median)
23 per 100 mL (Maximum)

Notes:

1. Maximum limit shall not be exceeded more than five percent of the time during any 24-hour period.
2. Compliance shall be determined from the results of the five most recent samples.

3. No sample shall exceed an MPN of 240 total coliform bacteria per 100 mL.

Title 22 provides requirements for both filtered wastewater and disinfected tertiary recycled water.
The filtered wastewater standards have specific requirements for an MF/UF System. Disinfection for
recycled water occurs at EEWWTP in the recycled water chlorine contact basin (CCB) and onsite
storage reservoir.

Title 22 requirements for filtered wastewater using MF/UF are as follows.
"Filtered wastewater"” means an oxidized wastewater that meets the criteria ...

(b) Has been passed through a microfiltration, ultrafiltration, nanofiltration, or reverse osmosis
membrane so that the turbidity of the filtered wastewater does not exceed any of the following:

(1) 0.2 NTU more than 5 percent of the time within a 24-hour period; and
(2) 0.5 NTU at any time.”

In addition, the MF/UF System provides pretreatment for RO System to reduce the particulate and
biological fouling of the RO membranes. The MF/UF System will effectively remove inert particulates,
organic particulates, colloidal particulates, pathogenic organisms, bacteria and other particles by the
size-exclusion sieve action of the membranes.

Table 4-2 presents the MF/UF filtrate water quality design criteria for the MF/UF System. Note that
this table also provides the following source of the requirement for the MF/UF System.
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Table 4-2: MF/UF Filtrate Water Quality Design Criteria

Constituent Design Criteria Requirement Basis
Turbidity <0.2 NTU (95% of the time) Title 22 requirement for filtered
<0.5 NTU (at any time) wastewater using MF

Total Non-filterable Residue 10 mg/L (Mean) * Master Reclamation Permit Order No.

(Suspended solids) 25 mg/L (Maximum) 97-44

Settleable solids 0.1 mL/L (Maximum) Master Reclamation Permit Order No.
97-44

Total dissolved solids 1,500 mg/L (Maximum) Master Reclamation Permit Order No.
97-44

Cadmium 0.01 mg/L (Maximum) * Master Reclamation Permit Order No.
97-44

Lead 5.0 mg/L (Maximum) * Master Reclamation Permit Order No.
97-44

Note:

Compliance shall be determined from the results of the five most recent samples.

MF/UF is not designed to remove TDS, cadmium, or lead. TDS is assumed to be less than 1,500 mg/L,
cadmium is assumed to be less than 0.01 mg/L, and lead is expected to be less than 5.0 mg/L in the
secondary effluent feeding the MF/UF system.

Although the permit requirements allow up to 25 mg/L of suspended solids, the MF /UF filtrate is not
expected to contain any measureable concentration of suspended solids.

The existing disinfection system at the EEWWTP utilizes sodium hypochlorite and existing ammonia
in the secondary effluent to generate chloramines. A chlorine contact basin is used to achieve a
minimum concentration times time (CT) value of 450 milligram minutes per liter (mg-min/L) per the
requirements of Title 22.

As part of the secondary process upgrades currently under design, the disinfection system will
continue to use chloramines. The secondary process upgrades will include the addition of an ammonia
feed since secondary improvements will result in full nitrification (i.e. removal of the ammonia from
the secondary effluent). The planned feed point for the ammonia to the secondary effluent is in the
secondary effluent channel, upstream of the split to the MF/UF system. This ammonia feed system is
part of the secondary process upgrades and will not be part of the tertiary filtration project scope. If
the secondary improvements project is not complete prior to the tertiary filtration project, the plant
will continue to have residual ammonia in the secondary effluent. Therefore, a separate ammonia feed
system is not needed as part of the tertiary filtration project.

For the condition after the secondary improvements are completed, there will continue to be the
ability to dose sodium hypochlorite to the CCBs and reclaimed reservoir. This would be a backup
process in case the residual drops too low through the MF/UF System. In that case, it will be important
to dose sufficient ammonia at the secondary effluent to generate chloramines.

4.2.2 MF/UF Feed Water Quality

For the MF/UF System design, the feed water quality is based on the quality of the EEWWTP
secondary effluent. Currently, the City intends to make improvements to the secondary system from
the current non-nitrifying process to a process with full nitrification and partial denitrification. The
intent of the secondary improvements is to achieve an improved water quality that will be better for
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the filtration system. At this time, it is unclear on if the secondary improvements will be completed
before or after the construction of the MF/UF System.

For the purposes of this PDR, the MF/UF System design is based on an assumed water quality after the
secondary improvements are completed. Table 4-3 provides the assumed secondary effluent quality
following secondary improvements that will be used as the design influent to the MF/UF System.

Table 4-3: Assumed Secondary Effluent Quality After Secondary Improvements at EEWWTP

Parameter Level

Biochemical Oxygen Demand (BOD) 10 mg/L

Total Suspended Solids (TSS) 10 mg/L

Turbidity <10 NTU

Ammonia >5 mg/L as N (using ammonia addition to secondary effluent
line)

In the event that secondary improvements are not completed prior to the construction of the MF/UF
System, the MF/UF System will still be able to operate using the current secondary effluent as a
source. Using the current secondary effluent may result in a slightly decreased output of the MF/UF
System for the time until the secondary improvements are completed due to a decreased flux rate with
a higher influent solids loading. The extent of the decrease in output will depend on the quality of the
secondary effluent and the actual flux rate that the MF/UF System is able to achieve. This is expected
to be for a short duration (i.e. a few years), and therefore the City decided not to increase the size of
the MF/UF System to accommodate this short period of operation.

4.2.3 Facility Sizing

The recycled water demand for the EEWWTP is 1,400 acre-feet per year (AFY) based on discussions
with the City as well as the 2011 Long Term Water Supply Plan (City of Santa Barbara, June 2011) and
the Urban Water Management Plan (City of Santa Barbara, June 2011). On an average basis, 1,400 AFY
results in an annual average daily demand of 1.25 mgd. However, the recycled water demand is not
constant throughout the year, with typically higher flows required during the summer peak irrigation
season. The 2009 Recycled Water Expansion Assessment (Carollo, August 2009), indicates a maximum
monthly demand peaking factor of 2, resulting in a maximum month demand of 2.5 mgd. Assessment
Memorandum No.2 provides a detailed analysis of 2011 recycled water demands, including the scale-
up to the long-term goal of 1,400 AFY. The results of Assessment Memorandum No.2 projected that
the projected recycled water demand in year 2030 will be 2.09 mgd for the daily demand in the peak
month, 2.28 mgd for the projected maximum 7-day rolling average, and 3.14 mgd for the daily demand
in the peak day, and 2.56 mgd for the projected 99th percentile daily demand. To avoid oversizing the
tertiary filtration system, the overall recycled water system is designed to produce 2.5 mgd of recycled
water on an average daily basis to meet projected 98t percentile daily recycled water demand for
year 2030.

The operations for minimum daily flows through the MF/UF System can be as low as 0.5 mgd or less.
To appropriately size an MF/UF System, the full range of minimum to maximum flow may not be
feasible because an extensive number of units will be required to provide turndown. For the purpose
of this design, the minimum recycled water flow is assumed to be 1 mgd on a daily basis. If the
demand is less than 1 mgd, the recycled water system storage can be utilized and the MF/UF System
can be shut down for a period of time.
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To meet the recycled water demands, it is important to appropriately size the MF/UF System based on
the available quantity of secondary effluent. The primary concern for available water for the recycled
water system is the ability to meet recycled water demands at night when the influent flows to the
EEWWTP are low. Effluent flow data from the EEWWTP for April-May 2011 and July- August 2012
were used to determine the amount of flow available for the recycled water system during these low
flow conditions. These months were used since they are typically the higher demand months, instead
of the winter months when demand was lower.

The City provided data for the entirety of these two-month durations in 15-minute time intervals.
Each interval contained four separate flow measurements, all in million gallons per day: Actual,
Average, Minimum, and Maximum. These individual measurements were combined to provide a
comprehensive data set for analysis.

The minimum daily flows during April and May 2011 were constant at close to 3.0 mgd. The minimum
daily flows for July and August 2012, however, showed a wider variation. Although a consistent trend
shows minimum daily flows of approximately 2.5 mgd for the majority of this duration, many days in
the first half of July show much lower minimum daily flows. Many of these days had minimum flows of
less than 2.1 mgd. On July 7, the flow decreased to below 1.5 mgd, but only for 30 minutes. Because
this was only one day and for a short time, this period was considered an outlier and not used as a
design condition.

To appropriately size the treatment facilities for these varied flows, it is necessary to estimate an
expected minimum flow rate for each hour of the day. Based on the July data on the most extreme
days, the design flow condition will include absolute minimum flow rates from 3am until 7:30am and
more typical flow rates from 7:30am until 3am the next day.

Design flow conditions were selected to average a total daily recycled water flowrate of 2.5 mgd. First,
it was determined that the minimum flow from 3am to 7:30am was 1.5 mgd, as indicated in the graph.
Using that as the main constraint, the flow for the remainder of the day (7am to 3am) was increased
until a product water of 2.5 mgd on an average basis was achievable. It was important to account for
flows that were required from secondary effluent but did not product recycled water, for example MF
backwash and RO brine, when determining the secondary effluent flow to the system.

Figure 4-1 shows the measured secondary effluent flow rates for every day in July and August 2012 as
well as the design flow conditions. This shows that the design secondary effluent flow will be available
on a daily basis for the plant. This also shows that, during the low-flow periods, all of the secondary
effluent flow will be used for the recycled water system to meet the 2.5 mgd daily demand. The design
secondary effluent flow for normal periods is 3.2 mgd, and low periods is 1.5 mgd, as indicated by the
red line in the figure.
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Figure 4-1: July and August Daily Secondary Effluent Flow with Design Flow Conditions in Red

As previously stated, it is important to account for the MF /UF filtrate flow and RO brine flow when
sizing the system. Table 4-4 and Figure 4-2 show the design flow conditions through all portions of
treatment at the different flow conditions. Using these flows, the combined CCB feed provides 2.5 mgd
of recycled water for the system on a daily basis.

Table 4-4: Tertiary System Design Flowrates
Design Flowrates (mgd)

Secondary RO Feed
Effluentto | Strainer Total MF Pump RO Combined
Time of Day MF Effluent Filtrate Suction Permeate RO Brine CCB Feed
3:00 am to 7:30am 15 1.5 1.4 1.2 1.0 0.2 1.2
7:30am to 3:00 am 3.2 3.1 3.0 1.2 1.0 0.2 2.8
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Figure 4-2: Design Flows through the Tertiary System

The MF/UF System is designed to provide an ultimate MF/UF filtrate flow of 3.0 mgd, assuming an
overall minimum MF/UF system recovery of 93 percent (95 percent recovery for the MF/UF system
and 98 percent recovery for the automatic strainers). This flow will be enough to allow for a RO
System to treat a sidestream of the MF/UF filtrate flow to produce 1.0 mgd of RO permeate (1.2 mgd of
filtrate is required, based on an RO System recovery of 85 percent). The blended MF/UF filtrate and
RO permeate will provide a total recycled water treatment capacity of 2.8 mgd during high flow
conditions, and 1.2 mgd during low flow conditions.

The RO System is not required to meet regulatory requirements, so the City may elect to construct
only the MF/UF System and construct the RO System in the future. If the RO System is not installed at
the same time as the MF/UF System, the MF/UF System may produce less filtrate because the RO brine
will not be used.

The control of the MF/UF System to accommodate these flows is provided in Section 4.3.4.3. The
existing recycled water storage capacity, and additional storage required to equalize the recycled
water flows on-site (e.g., store recycled water produced during the day to be used at night for reuse) is
discussed in Assessment Memorandum No.6.
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4.3. Treatment Process Description

The AWPF consists of the following treatment components, as shown in Figure G-03B:
= MF/UF Feed Pumps
*  Pre-treatment Chemical Addition (chloramination for biofouling control)
»  Automatic Strainers
= MF/UF Membranes
= MF/UF Filtrate Tank
= MF/UF System Ancillary Equipment
= MF/UF Backwash System
= MF/UF CIP System
= MF/UF Compressed Air System
* Chemical Facilities

Figure G-03A shows a process flow diagram of the MF/UF system operating without a future RO
system. Figure G-03B shows a process flow diagram of the MF/UF system and modified flows when
the future RO System will be installed to treat a sidestream of the MF/UF filtrate.

4.3.1 MF/UF Feed Pumps

Feed water for the MF/UF System will be pumped from the secondary effluent line through the MF/UF
membranes by the MF/UF feed pumps. Table 4-5 summarizes the design criteria for the MF/UF feed

pump.

Table 4-5: MF/UF Feed Pump Design Criteria

- [Min=1.6mgd ]
MF/UF Feed Flow Avg = 2.9 mgd
Max = 3.1 mgd
Pump Type Horizontal end suction centrifugal
No. of Pumps 3 (2 duty, 1 standby)
Capacity per Pump 1,074 gpm
TDH 50 psi
Motor Size 50 hp
Drive VFD

4.3.2 Pre-treatment Chemical Addition

Sodium hypochlorite will be added downstream of the MF/UF feed pumps and upstream of the
automatic strainers for chloramination to control the biological fouling of the MF/UF membranes and
the future RO membranes. The target combined chlorine concentration (chloramines) is 3 to 5 mg/L.
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The chemicals will be flow paced based on the MF/UF feed flow rate and trimmed based on combined
chlorine concentration.

Ammonium hydroxide addition is also needed for the formation of chloramines, and included as part
of the secondary process improvements, as discussed in Section 4.2.1. If the secondary improvements
are not complete prior to the tertiary filtration project, then the secondary treatment plant will not
nitrify and the expected secondary effluent ammonia is greater than 4.5 mg/L, sufficient for the
formation of chloramines. Table 4-6 summarizes the chemical dose requirements for ammonium
hydroxide and sodium hypochlorite.

The design criteria for these chemical systems are described in detail in Section 4.3.6.

Table 4-6: Aqueous Ammonia and Sodium Hypochlorite Doses

Parameter Criteria

Aqueous Ammonia Doses

Minimum 2.5 mg/L

Average 3.0 mg/L

Maximum 4.5 mg/L
Sodium Hypochlorite Doses

Minimum 10.0 mg/L

Average 12.0 mg/L

Maximum 18.0 mg/L

4.3.3 Automatic Strainers

The automatic strainers will be provided immediately upstream of the MF/UF membranes to protect
the MF/UF membranes from damage and/or fouling due to larger particles. Automatic strainers are
required to meet MF/UF membrane warranty requirements, and thus are typically provided by the
membrane manufacturers as part of a complete MF/UF System package. Table 4-7 presents the design
criteria for the automatic strainers.

Table 4-7: MF/UF Automatic Strainer Design Criteria

Parameter Criteria

Type Auto-Backwash Strainer
No. of Units 2 Duty

Capacity per Unit 1,074 gpm

Screen Pore Size, Minimum 300 microns

Strainer Recovery, Minimum 98%

4.3.4 Microfiltration/Ultrafiltration (MF/UF) System

The MF/UF System is the core process of the filtration system and will be comprised of three MF/UF
trains connected in parallel to produce a high quality filtered product, or MF/UF filtrate. The
secondary effluent will be chemically conditioned using chloramination and the resultant MF/UF
feedwater will be pumped to the MF/UF System for removal of suspended solids. The MF/UF filtrate
will then be sent to the MF/UF Filtrate Tank, from which it will overflow to the recycled water
chlorine contact basin (CCB) for disinfection and distribution to recycled water users. A portion of the
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MF /UF filtrate may pass through RO membranes prior to disinfection for further treatment to remove
dissolved constituents for a higher recycled water quality.

This section describes the selection and sizing of the membrane system and components. Critical in
this discussion are the determination of feedwater quality and the establishment of treatment goals.
These parameters have been defined in Section 4.2. Once these parameters are defined, the basic
building blocks of the process, the membrane elements, can be selected and the physical and
operational requirements of the specific membrane installation can be determined. These
requirements include: MF/UF recovery, number of trains and number membrane modules per train.

It is assumed that future expansion of the Membrane Filtration Facility will not be required. This
facility is designed for the projected maximum daily recycled water demand of year 2030.

4.3.4.1 Standardized MF/UF Skid Design versus Preselection

The majority of MF and UF plants today employ proprietary systems with non-uniform element sizing,
unique backwashing approaches, and irregular skid configurations, requiring that the membrane
system supplier be identified and selected at the beginning of the facility design. This requirement can
extend the design process and reduce competitive bidding both during the initial design and in future
expansions or plant upgrades. However, the competitive bidding for this type of system can be
conducted early in the design process to provide competition.

For this PDR, the proposed MF/UF System utilizes a standardized skid design, which will
accommodate membranes by multiple candidate MF/UF membrane manufacturers, to promote
competition when selecting the MF/UF System. By employing the standardized skid approach with
MF/UF elements that are generally compatible, the elements can be replaced in the future with
alternative membranes, allowing for continued competition after the initial facility is constructed.
Note that the proposed system does not include all MF/UF manufacturers. Additional details on
candidate MF/UF membrane manufacturers that could be considered for utilizing standardized skid
design are provided in Section 4.3.4.2.

Two construction schedules are provided in Section 7. One is for the standardized MF/UF skid design
and the other is using pre-selection of the MF/UF Manufacturer. The decision on how to proceed
should be made based on schedule requirements.

4.3.4.2 Candidate MF/UF System Manufacturers

MF/UF vendors must provide equipment that meets the following minimum qualifications to be
considered for use at the EEWWTP:

= Technology and equipment shall have been used for reuse applications in the United States at
recycled water treatment facilities of 5.0 mgd capacity or greater

= Technology shall be approved by CDPH for production of tertiary filtered recycled water in
accordance with the requirements of Title 22

There are several MF/UF vendors who meet these requirements. Hydranautics offers an MF
membrane that provides a higher surface area than other systems; however, the membrane is
relatively new and does not yet have a track record. The vendors are summarized in Table 4-8.
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Table 4-8: Pressure MF/UF System Candidate Vendors

Parameter ‘ Criteria

Vendor ‘ Toray GE Dow Pall/Asahi*
Membrane Model HFS-2020 ZeeWeed 1500 SFP-2860 Microza UNA-620A
Membrane Classification UF UF UF MF

Nominal Pore Size 0.02 um 0.02 um 0.03 um 0.1 um

Material Polyvinylidene PVDF PVDF PVDF

difluoride (PVDF)

Membrane Area per Module

775 ft°/module
(72 m*/module)

550 ft*/module
(51 m*/module)

549 ft’/module
(51 m*/module)

538 ft*/module
(50 m*/module)

Flow Direction Outside-In Outside-In Outside-In Outside-In
Module Dimension — Diameter 8.5inch 7.0 inch 8.9inch 6.5 inch
Module Dimension — Length 85.0 inch 75 inch 73.2 inch 85.0inch

Note:

1. While all Pall MF systems designed/installed in the US utilize Pall’s proprietary skid design, Asahi Microza membranes can
be utilized in standardized skid configurations.

4.3.4.3 MF/UF System Design Criteria

As stated in Section 4.2.3, the MF/UF System is designed to meet an MF/UF filtrate flow of 3 mgd
during high flow periods and 1.4 mgd during low flow periods. This is to meet the daily average flow
requirement of 2.5 mgd for the overall recycled water system.

Three skids will be provided for the MF/UF System, with 2 duty skids and 1 redundant skid. Table 4-9
outlines the flows to the MF/UF skids and the RO trains in the different recycled water demands. The
MF /UF skids must be operating with at least two units to allow for continuous flow from the system
during backwashing. If the minimum flow is less than 1 mgd, system shutdowns will occur.

Table 4-9: MF/UF System and RO System Operation at Different Recycled Water Demand Conditions
Skid Operation

Recycled Water Demand

Maximum RW demand (Summer
Months) —

1.64 mgd (based on Year 2011 RW
demand data) to 2.44 mgd (based on
Year 2030 projected RW demand data)

Flow Condition

Early morning low secondary effluent
flow conditions (secondary effluent =
1.5 mgd)

Operate 2 MF/UF skids at ~ 1.8
mgd total

Operate 1 RO train at 0.5 mgd
total

Blend ratio (MF/UF filtrate to RO
permeate) is 2:1

Mid-day max secondary effluent flow
conditions (MF feed flow = 3.2 mgd)

Operate 3 MF/UF skids at ~ 2.98
mgd total

Operate 2 RO trains at 1.0 mgd
total

Blend ratio (MF/UF filtrate to RO
permeate) is 1.5:1

Minimum RW Demand (Winter
Months) —

0.29 mgd (based on Year 2011 RW
demand data) to 0.43 mgd (based on
Year 2030 projected RW demand data)

All day operating condition (RW
demand and production set-point
controls are tied) (secondary effluent =
1.26 mgd)

Operate 2 MF/UF skids at ~ 1.2
mgd
Operate 1 RO train at 0.5 mgd

Blend ratio (MF/UF filtrate to RO
permeate) is 1:1
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The MF/UF System is configured with a pressurized outside-in configuration. The MF/UF System
design criteria utilizing standardized skid design is summarized in Table 4-10.

Table 4-10: MF/UF System Design Criteria

Parameter

Criteria

MF/UF Membranes

MF/UF Recovery, Minimum 95%
Nominal Pore Size 0.10 um (MF); 0.02 to 0.08 um (UF)
Material PVDF

Type/Fiber Flow Path

Pressurized/Outside-In

Membrane Area Per Module

500 to 840 ft depending on manufacturer (see Table 4-8)

MF/UF System Configuration

No. of Duty Skids

No. of Redundant Skids

MF/UF Trains

Production Capacity per Skid

1 mgd (667 gpm)

Average Design Flux

20 gfd (overall average)

Maximum Design Flux

25 gfd (to account for backwashing)

Maximum Instantaneous Flux with One Skid Offline 35 gfd
for Maintenance or Recovery Cleaning
Required Membrane Area per Skid 48,000 sf

Required No. of Membrane Elements per Skid

62 to 96 depending on membrane area per module
(see Table 4-8)

Spare Space

15%

Total No. of Membrane Space per Skid *

71 to 110 depending on membrane area per module
(see Table 4-8)

Operating Flux

Online factor 88%
Average Flux 20 gfd
Maximum Instantaneous Flux 2341 gfd
Maximum Instantaneous Flux with One Train Offline 35+1 gfd

Filtration Duration

25 to 30 minutes

4.3.4.4 MF/UF System Design Flux

Since the design of secondary treatment improvements is currently underway, the secondary effluent
water representative of future MF/UF feed water quality is currently not available for pilot testing.
The assumptions for MF/UF feed water quality are provided in Section 4.2.2. The following
conservative design flux rates were used as the basis of design:

= average flux rate of 20 gfd - flux rate based on average daily production

= maximum instantaneous flux of 25 gfd with all skids operational - higher production during
normal operation to accommodate filtrate lost during backwashing

* maximum instantaneous flux of 35 gfd with one skid offline for maintenance or recovery
cleaning - full design flow will be treated by two trains
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These flux rates are conservative when compared to average design flux rates of 26 gfd used at the
Water Replenishment District of Southern California’s Leo Vander Lans Water Treatment Facility and
30 gfd used at the City of San Diego’s Indirect Potable Reuse Demonstration Project Advanced Water
Purification Facility.

4.3.5 MF/UF System Ancillary Equipment

The following sections describe the various ancillary systems associated with the MF/UF System.

4.3.5.1 MF/UF Backwash System

The MF /UF filtrate tank is designed to provide backwash water supply to the MF/UF system. The
MF /UF filtrate flow will always be more than the RO feed flow, so equalization volume beyond the
minimum storage volume required for the RO feed pump is not needed between MF and RO.

Typically, an MF/UF system that is running at a sustainable flux rate can operate with backwash and
cleaning intervals that provide a target overall system recovery of greater than 95 percent (i.e., 5
percent of the total flow is used for backwash and cleanings) at a reasonable rate of transmembrane
pressure (TMP) increase. Each MF/UF train is expected to backwash approximately every 20 to 30
minutes with no overlap in backwash sequences between trains. Each backwash sequence will last
approximately 3.6 minutes. The MF/UF backwash system consists of the following:

=  MF/UF filtrate tank to supply MF/UF backwash water

=  MF/UF backwash pumps

= Compressed air system to provide process air for air scour (See Section 4.3.5.3)
= Backwash waste line to plant sewer

The MF /UF filtrate tank will provide MF/UF backwash water needed for routine MF/UF System
backwash cycles. The tank will also provide the feed water for the RO feed pumps. The MF/UF filtrate
tank influent and effluent configuration will differ when operating without the RO system and with the
RO system as follows:

= Operating without the RO system:

- The MF/UF filtrate will be conveyed to the MF/UF filtrate tank with residual pressure from
the MF/UF system. The MF/UF filtrate tank fill line (filtrate line from MF/UF skids) will be
located at the top of the tank.

- The tank effluent line leading to the MF/UF backwash pumps will be located at the side
bottom side of the tank to provide flooded suction even when the tank is not a full level
(during MF backwash).

- The MF/UF filtrate will overflow out of the tank and flow by gravity to the chlorine contact
basin. With this configuration, providing MF/UF filtrate to the MF/UF backwash pumps will
have higher priority than sending the water to the chlorine contact basin. Also, by
overflowing out of the MF/UF filtrate tank, the line going to the recycled water CCB will
have a relatively constant head.

* Operating with the RO system:
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- The MF/UF filtrate will be conveyed to the MF/UF filtrate tank with residual pressure from
the MF/UF system. The MF/UF filtrate tank fill line (filtrate line from MF/UF skids) will be
located at the side bottom of the tank. Another tank fill line will be located at the top of the
tank, and RO permeate will overflow out of the RO Flush Tank into the Mf/UF filtrate tank
from the top of the tank.

- The RO feed pump suction line will be teed off of the MF/UF filtrate tank fill line. When the
MF /UF skids are in filtration mode, the MF/UF filtrate will feed RO feed pump suction and
remaining flow will fill the filtrate tank. When MF /UF filtrate flow is less than the RO feed
flow (e.g., when only one MF/UF skid is in operation and it goes into backwash) MF/UF
filtrate tank will provide feed water to the RO feed pump suction.

- The blend of MF/UF filtrate and RO permeate water will overflow out of the tank and flow by
gravity to the chlorine contact basin. With this configuration, providing flow to the RO feed
pumps and MF/UF backwash pumps will have higher priority than sending the water to the
chlorine contact basin. Also, by overflowing out of the MF/UF filtrate tank, the line going to
the recycled water CCB will have a relatively constant head.

Table 4-11 presents the MF/UF filtrate tank design criteria.

Table 4-11: MF/UF Filtrate Tank Design Criteria

Parameter Criteria

| No.ofTanks —[1
Nominal Tank Volume 12,000 gal
Diameter 12 ft
Straight Sideshell Height 16.5 ft
Residence Time at Design Flow 5.8 minutes
Type of Tank HDPE
Tank Color Black

The MF/UF backwash pumps will be horizontal end suction or vertical in-line centrifugal pumps.
Table 4-12 presents the MF/UF backwash pump design criteria.

Table 4-12: MF/UF Backwash Pump Design Criteria

Parameter Criteria

Pump Type Horizontal end suction or vertical in-line centrifugal
No. of Pumps 2 (1 duty, 1 standby)

Required Capacity per Pump 1,600 gpm (MF); 1,000 gpm (UF)

TDH 50 psi

Motor Size 50 hp

Drive Variable speed

Backwash waste from the MF/UF system will be sent to the nearby 42-inch interceptor, and routed to
the EEWWTP headworks.

The backwash waste from the MF/UF system cannot be sent direct to the outfall because it would

likely violate the NPDES permit limits, especially during low flow periods. The MF/UF system is
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designed for an overall recovery of 95% recovery. It is assumed that the secondary effluent will have a
maximum of 10 mg/L TSS after the improvements. It is also assumed that all the TSS is removed by
the MF/UF system, and therefore will be in the backwash waste. Assuming 10 mg/L TSS in the
secondary effluent, the backwash waste from the MF/UF system will have 200 mg/L. During low flow
periods, nearly all of the secondary effluent will be used for the recycled water system. Therefore, the
backwash waste cannot be sent directly to the outfall since it would violate the outfall permit.

The MF/UF backwash flow rate is metered on the backwash supply side. Sample taps could be
provided on above grade MF/UF backwash waste pipe. However, the grab samples of MF/UF
backwash waste may not be representative of the total composite flow.

4.3.5.2 MF/UF CIP System

Membrane fouling, the accumulation of contaminates on the surface of the membrane material, can
significantly impact the operation of a membrane process. When a membrane becomes fouled,
operation is compromised due to decreased membrane porosity, decreased hydraulic diameter, and
increased effective thickness. In order to prevent fouling, two types of chemical cleaning regimens are
typically performed for MF/UF Systems: (1) chemically enhanced backwashes (CEBs) to maintain the
day by day membrane permeability, and (2) chemical clean-in-place (CIP) to restore the membrane
permeability between phases or when the TMP reaches the terminal value (approximately 35 psi).

CEBs are preventive cleans performed in place at specified regular intervals to maintain the
permeability of the membrane at an acceptable level. Typically, CEBs occur once every 1 to 7 days.
During these types of cleanings, the membranes will be exposed to chemicals such as sodium
hypochlorite, citric acid, and sodium hydroxide for a short period of time (<15 minutes). Other
chemicals, including strong acids, may be used depending on the supplier’s membrane chemical
compatibility and foulants of concern. Chemical concentrations will depend on the severity of the
organic or inorganic membrane fouling. Before resuming production, chemical residuals must be
flushed out from the membrane modules. Typically, the equipment supplier is responsible for
providing input for the optimization of the CEB cleaning regimen. CEBs are automated and can be
operator initiated or on a time schedule without operator supervision. Projected staffing
requirements are provided in Section 4.6.

CIP cleans are an intensive chemical cleaning used to restore the membrane permeability to pre-
fouled conditions. This intensive cleaning are typically performed roughly once every 30 days (40
days maximum) as needed, although longer cleaning intervals may be used if reliable operation is
maintained. The chemicals used for recovery cleanings will depend on the severity of the organic or
inorganic membrane fouling, and can include sodium hypochlorite, sodium hydroxide, and citric acid
or other comparable acids. This cleaning is performed in place, requires a significant soaking or
recirculation time (>4 hours), and typically uses higher chemical concentrations than CEBs. CIPs are
operator initiated and require operator supervision. Projected staffing requirements are provided in
Section 4.6.

The CIP system consists of the following components:
= CEBtank
» CIP tank (to be shared with future RO system)

= CEB/CIP pumps
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*=  Sodium hypochlorite storage and feed system
= (itric acid storage and feed system
*=  Sodium hydroxide storage and feed system

The CEB and CIP tanks are sized for the MF/UF System is based on an assumption of three volumes
required to clean a skid, one volume for the batch chemical solution and two volumes for rinse cycles.
The CIP tank is also sized for RO CIP. Table 4-13 presents the CEB and CIP tanks design criteria.

Table 4-13: CEB and CIP Tank Design Criteria

Parameter Criteria
No. of Tanks 2 (2 duty, 0 standby)
Tank Sizing Requirements
Required Capacity for MF/UF CIP 1,700 gal (MF); 3,200 gal (UF)
Tank Sizing Calculations
Required CIP Tank Usable Volume 3,200 gal
Diameter 7 ft
Required Sideshell height 12.5ft
Required Nominal Tank Volume 3,500 gal
Type of Tank FRP

The MF/UF CEB/CIP pumps will be horizontal end suction or vertical in-line centrifugal pumps. These
common pumps will be shared for both the CEBs and CIPs. Table 4-14 presents the MF/UF CEB/CIP
pump design criteria.

Table 4-14: MF/UF CEB/CIP Pump Design Criteria

Parameter Criteria

Pump Type Horizontal end suction or vertical in-line centrifugal
No. of Pumps 2 (1 duty, 1 standby)

Required Capacity per Pump 720 gpm (MF); 1,000 gpm (UF)

TDH 50 psi

Motor Size 25 hp (MF); 40 hp (UF)

Drive Constant speed

CEB and CIP waste from the MF/UF system will be neutralized in the corresponding tanks and then
sent to the nearby 42-inch interceptor, and routed to the EEWWTP headworks.

4.3.5.3 MF/UF Compressed Air System

The MF/UF System requires process low pressure air for air scour during membrane backwash, low
pressure air for membrane integrity testing, and high pressure control air for the control of automatic
control valves that utilize pneumatic actuators. The compressed air system for the MF/UF System will
be sized with extra capacity to provide control air for automatic control valves for the future RO
System. Table 4-15 presents the compressed air system design criteria.
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Table 4-15: Compressed Air System Design Criteria

Parameter Criteria

No. of Air Compressors 2 (1 duty, 1 standby)
Required Capacity per Air Compressor TBD

Motor Size 25 hp

No. of Air Receiver Tanks 1 (1 duty, 0 standby)
Required Capacity per Tank TBD

4.3.6 Chemical Facilities

The chemical systems consist of the following:
*=  Sodium hypochlorite for chloramination and CIP
=  (Citric acid for CIP
*=  Sodium hydroxide for CIP

The primary purpose of chloramination is to prevent biological fouling of the membranes, both to the
MF/UF and RO Systems. Chloramines are a disinfectant that will achieve this goal. Free chlorine could
also prevent biological fouling, but the RO membrane material cannot tolerate free chlorine, so free
chlorine cannot be used. Therefore, chloramination, which is a combination of ammonia and chlorine,
will be used for disinfection. These chemical systems are described in detail below.

The recovery clean of the MF/UF membranes is achieved with the following cleans:
*=  Sodium Hypochlorite, or Sodium Hypochlorite plus Caustic Soda Clean
=  Citric Acid Clean

Citric Acid and Sodium Hypochlorite system will be used for RO CIP as well.

4.3.6.1 Aqueous Ammonia

As stated in Section 4.2.1, aqueous ammonia will be added to the secondary effluent line upstream of
the MF/UF feed pumps as part of the secondary improvements project. If the secondary
improvements project is not complete prior to the tertiary filtration project, the plant will continue to
have residual ammonia in the secondary effluent that will be used for chloramine formation.

4.3.6.2 Sodium Hypochlorite

Sodium hypochlorite will be added upstream of the MF/UF feed pumps for chloramination to control

the biological fouling of the MF/UF membranes. The chemical will be flow paced based on the MF/UF

feed flow rate, and combined chlorine residual or ORP will be monitored to alarm when the measured
levels are outside of acceptable range. In addition, sodium hypochlorite will also be used for CIP on an
as-needed basis.

Table 4-16 presents the design criteria for the sodium hypochlorite storage and feed system. There
are three existing sodium hypochlorite storage tanks in the bulk chemical storage area. Two of three
tanks are currently in use. The third tank, which is currently not connected to the system, will be
connected as part of this project, and the three tanks will be used in conjunction to provide storage
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sodium hypochlorite use for effluent disinfection, recycled water disinfection, MF/UF feed
chloramination and MF/UF membranes cleaning.

Furthermore, as discussed in Section 4.3.8 below, programming changes will be considered to
automate the sodium hypochlorite addition for chlorination and sodium bisulfite addition for
dechlorination of the plant effluent to ocean outfall.

Table 4-16: Sodium Hypochlorite Storage and Feed System Design Criteria

Parameter Criteria

Demand (MF/UF Feed)
Dose, Minimum 10 mg/L
Dose, Average 12 mg/L
Dose, Maximum 18 mg/L
Storage
No. of Tanks 3 (existing)
Volume, Each 7,500 gal
Type of Tank HDPE
Days of Storage, Average Dose 30
Pumps
No. of Pumps 2 (1 duty, 1 standby)
Pump Type Diaphragm metering
Flow Range 2.9to 15.9 gph
Pump Capacity 16.9 gph
4.3.6.3 Citric Acid

Citric acid will be used for the cleaning of the MF/UF membranes. The cleaning requirements are
specific to each membrane system vendor. The design of the citric acid system will include either
storage drums or totes with a diaphragm metering pump. Although citric acid can be supplied as a dry
chemical or as a 20 to 50 percent solution, the MF/UF system is designed around a liquid system for
ease of operation. If dry chemical is preferred, the MF/UF filtrate or RO permeate can be used for
batching of the citric acid onsite.

4.3.6.4 Sodium Hydroxide

Sodium hydroxide will be used for the cleaning of the MF/UF membranes and neutralization of CIP
waste. The cleaning requirements are specific to each membrane system vendor. The design of the
sodium hydroxide system will include either storage drums or totes with a diaphragm metering pump.
Sodium hydroxide is typically supplied as a 25 to 50 percent solution. A 50 percent sodium hydroxide
solution has a relatively high freezing point and must be stored and utilized at temperatures above
approximately 55 degrees Fahrenheit, or the storage and handling equipment must be insulated and
heat traced. To avoid the need for insulation and heat tracing, use of a 25 percent solution is
recommended. The freezing point of the 25 percent solution is -13.9 degrees Fahrenheit.

4.3.7 Process Piping and Valves
The process piping and valves for the MF/UF system will be as shown in Table 4-17:
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Table 4-17: Piping and Valves Design Criteria

Parameter Material Pressure Rating
Process Piping Upstream of Automatic Strainers E;ginfimzrézl;t?:gtzzlctiIe Iron or 150 psi
Process Piping Downstream of Automatic Strainers PVvC 150 psi
Process Piping for MF/UF Filtrate PVvC 150 psi
CIP Piping PVC 150 psi
Sodium Hypochlorite PVC Schedule 80 150 psi
Citric Acid PVC Schedule 80 150 psi
Sodium Hydroxide PVC Schedule 80 150 psi

Process valves will have cast iron bodies, rated for 150 psi. Valves for chemical systems will have PVC
bodies, rated for 150 psi.

4.3.8 Miscellaneous Improvements

When the MF/UF system is operated to maximize the recycle water production for reuse, as described
in Section 4.3.4.3, there may be times in the early morning hours when all secondary effluent flows
will be treated by the MF/UF system, and the secondary effluent flows to Chlorine Contact Tank (CCT)
for ocean outfall discharge will be temporarily stopped. To mitigate impacts to the plant effluent
chlorination and dechlorination chemical feed systems under these low flow conditions, addition of
flow meters on the 48-inch secondary effluent pipe and the 48-inch ocean outfall pipe will be
considered during the final design. The CCT influent flow signal will be used for flow pacing the
sodium hypochlorite addition for chlorination, and the CCT effluent flow signal will be used for flow
pacing the sodium bisulfite addition for dechlorination.

4.4 Membrane Filtration Facility Layout Considerations

The majority of the equipment associated with the MF/UF System, including the MF/UF skids, will be
located in the footprint of the existing tertiary filters. It will be necessary to demolish the existing
filters in order to install the new MF/UF System. Therefore, during construction of the MF/UF System,
the recycled water supply will be from potable water.

4.4.1 Process Connections

The various process headers on the MF/UF skid connect to risers that terminate at the top of the skid.
The piping required to convey flows to and from the MF/UF skid connect to these risers.

4.4.2 Preliminary Layout

The MF/UF feed pumps, automatic strainers, MF/UF skids, MF /UF filtrate tank and backwash pumps,
CEB and CIP tanks and CEB/CIP pumps, and chemical storage facilities will be located outside in the
footprint of the existing tertiary filters. Figure M-01A shows a preliminary layout of the MF System.

The MF/UF system layout shows standardized MF skids with 100-modules, which accommodates
Toray, GE, Dow, and Pall/Asahi systems.

4.5 System Reliability and Redundancy

The MF/UF System includes a redundant feed pump, a redundant automatic strainer, and a redundant
membrane skid to allow equipment and components to be taken out of service for maintenance or
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cleaning while still maintaining the ability to produce recycled water at full design capacity.
Instrumentation will be provided to protect equipment from damage by shutting down the system
when certain conditions, such as high pump discharge pressure, or high transmembrane pressure,
occur.

Unlike the main treatment plant processes, the tertiary filtration system is not required to remain
online during a power outage as loss of recycled water service does not constitute a public health risk.
In addition, recycled water customers can be served with potable water if necessary. Therefore, it is
not necessary to connect the MF/UF System to the plant backup power supply.

If the MF/UF System went without power for an extended period of time, the following should be
provided.

If the shutdown is shorter than two weeks, the MF/UF membranes should be flushed to sit idle.
If the shutdown is longer than two weeks, the MF/UF membranes should be pickled.
A discussion on temporary power for the MF/UF System is provided in Section 5.

The pipes and equipment are generally designed for a 20-year life. However, the MF/UF membranes
typically last five to seven years before requiring replacement. Generally, replacement is required
when the production capacities are reduced or membrane recovery cleanings are required more
frequently than planned.

4.6 Impacts to Operations and Maintenance Staff
Requirements of Proposed Membrane Filtration Facility

In general, the operator time required for daily operation of the MF/UF system will be less than that
for the existing filters since the MF/UF system is a more automated and robust treatment system that
could handle a wider range of feed water quality than the existing filter system, while reliably
producing the desired filtrate water quality. The MF/UF system does not rely on chemical
pretreatment to enhance filtration, which will reduce the time and attention required by operators to
react to changes in secondary effluent quality. The system will also be programmed to respond
automatically to variations in feed flows. Therefore, it will be much less likely that the operators
would need to respond to short-term variations in feed flows or feed water quality when operating the
MF/UF system, although they would need to be trained to monitor and evaluate the long-term
trending of the membrane permeability and other operating parameters to schedule chemical
cleanings and plan for membrane replacements.

The staff requirement for equipment maintenance of the MF/UF system will be more than for the
existing filters, mainly due to a higher number of pneumatic valves in the MF/UF system and a higher
reliance on automation. The individual membrane filters, each containing thousands of membrane
fibers, are also more complex than the existing media filters, requiring time and attention to pin
broken fibers, replace faulty seal, and investigate integrity failures. Additional training time will be
required, as the MF/UF system is a new treatment process for the existing staff and may require a
higher degree of training for reliable maintenance.

The impacts to O&M staff requirements for the proposed Membrane Filtration Facility are
summarized in Table 4-18.
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Table 4-18: Operations and Maintenance Staff Requirements for Membrane Filtration Facility

Activities
Daily Operations

Existing Filter System

MF/UF System

Normal Operation

Operator needs to respond quickly to
variations in feed flows and feed water
quality, upsets in coagulant feed, and
upsets in filtrate water quality.

Operation is fully automated.

Operator response to short-term
variations in feed flows and feed water
quality is minimal.

Operator needs to monitor long-term
trending of membrane permeability to
plan for membrane cleaning and long-
term replacement.

Chemical Cleanings

Not applicable.

Daily CEBs are fully automated, can be
initiated on a timer, and do not require
operator presence.

Monthly CIPs are fully automated as
well. However, CIPs are operator
initiated and operator presence is
highly recommended.

Membrane Fiber Breakage/Pinning

Not applicable.

Operator will be required to pin
broken membrane fibers in the event
that integrity failures occur. Frequency
of membrane fiber breakage varies for
all membrane plants (zero to 10 fibers
per week is typical).

Filter Media or Membrane
Replacement

Filter media replacement as needed.

Membrane replacement typically
required once every 5 to 10 years.

Equipment Maintenance

Feed pumps, backwash air blowers, air
compressors, coagulant feed system,
and valves require routine
maintenance.

Feed pumps, automatic strainers,
backwash pumps, CIP pumps, CIP tanks
and heaters, air compressors, chemical
feed systems, and valves require
routine maintenance.

MF/UF system includes many

pneumatic valves on the MF/UF skids
that require maintenance.

Training

Periodic training recommended,
particularly for new employees.

MF/UF system requires additional
operator training.

Training is important to familiarize the
operators with understanding MF/UF
system performance parameters, such
as membrane permeability, that would
help determine longevity of the
membranes and efficiency of
operation.

Training is also important as proper
operation of the MF/UF system will
impact performance of the
downstream RO system (future).

Summary

Operator time for daily operation of
MF/UF system will be less than that
for the existing filters.

Staff requirement for equipment
maintenance will be more than that
for the existing filters mainly due to
higher number of pneumatic valves,
instruments, and filter elements in
the MF/UF system.

Training time will be required as
MF/UF system is a new treatment
process for the existing staff.
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Jane Saulnier, CDM Smith
Brian Young, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.5
-Electrical and Instrumentation and Controls Design Criteria

5.1 Introduction

This Technical Memorandum No.5 (Filtration TM No.5) provides the electrical evaluation and
instrumentation and controls (I&C) evaluation for the preliminary design of tertiary filtration facilities
at El Estero Wastewater Treatment Plant (EEWWTP) in the City of Santa Barbara (City).

5.2 Electrical

The following section provides the electrical design criteria for the various components of the
proposed Membrane Filtration Facility.

5.2.1 Applicable Codes, Standards, and References

Electric equipment, materials, and installation will comply with the 2008 National Electrical Code
(NEC) and with the latest edition of the following codes and standards:

= National Electrical Safety Code (NESC)

*  Occupational Safety and Health Administration (OSHA)
» National Fire Protection Association (NFPA )

= National Electrical Manufacturers Association (NEMA)
*= American National Standards Institute (ANSI)

* Insulated Cable Engineers Association (ICEA)

* International Society of Automation (ISA)

*= Underwriters Laboratories (UL)

» International Electrical Testing Association (NETA)
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* International Building Code (IBC)

* International Fire Code (IFC)

= Model National Energy Code for Buildings

= Institute of Electrical and Electronics Engineers (IEEE)

= NFPA 101 - Life Safety Code

5.2.2 Existing Electrical System

The following description of the existing electrical system is based on drawings and data provided by
the City and through a field investigation performed by CDM Smith on August 13, 2012. An existing
12kV Southern California Edison power line serves a 3,750kVA 12kV to 4,160V transformer through a
SM-5, 200E fuse in a fusible cutout. The transformer serves and is adjacent to a 4,160V, 1200A
“Distribution Panel MS” through a 1200A main circuit breaker. Distribution Panel MS contains utility
metering equipment. Five 4,160V substations are fed from Distribution Panel MS as shown in Table 5-
1.

Table 5-1: Substations at EEWWTP

Name Transformer Rating Bus Rating Loads Served

Substation A 300 kVA 600 A MCC-2

Substation B 1500 kVA 2000 A MCC-1, MCC-8,

Substation C 500 kVA 1000 A MCC-3A, MCC-3B, MCC-7

Substation D 750 kVA 1200 A MCC-4, MCC-5, MCC-6,
Panel M, MCC-10

Substation E 750 kVA 1200 A MCC-11

The total peak demand for EEWWTP for the past year has not exceeded 1000kW according to plant
staff. Substations B and D are located close to the proposed filtration facility. These two substations
were evaluated to determine the preferred power source for the proposed Membrane Filtration
Facility.

Substation B is located approximately 150 feet north of the electrical room. An underground duct
bank from the substation to the electrical room must be provided, requiring excavation along the
existing roadway and grass areas. A clear route is available for the duct bank. The substation appears
to have adequate capacity for the proposed loads.

Substation D is located approximately 150 feet south of the electrical room. There is a clear route for
exposed overhead conduits from the substation to the electrical room. There is adequate space to
route the conduits along the exterior wall of the Solids Handling Building or along the interior wall.
The substation appears to have adequate capacity for the proposed loads.

5.2.3 Proposed Electrical Upgrades

Refer to the attached One Line Diagram for the proposed electrical power distribution. Power for the
proposed Membrane Filtration Facility may be obtained from Substation B or Substation D. The main
substation “MS”, substation “B”, and substation “D” must all be evaluated to determine the best source
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for delivering power to the new motor control centers. The selection of the preferred source will be
based on several factors:

= Potential future loads on the substations. Based on the locations of the substations and
proposed future expansion, it appears that substation D is not likely to be required to serve
additional loads in the future. No future loads are anticipated from Substation B but it is more
likely than Substation D to be utilized in the future.

*  Proximity to the Membrane Filtration Facility electrical room. Both substations are nearly

equidistant from the electrical room. Substation D, however, is adjacent to the Solids Handling
Building housing the electrical room. This will allow a much less costly method of distributing
power from the substation to the electrical room.

= Substation electrical capacity. Substation B has a 1500kVA transformer that is lightly loaded.
Substation D has a 750kVA transformer that is also lightly loaded. The proposed filtration
system load is 275kVA. A thorough evaluation of the existing loads on both substations must be
performed, including recording power metering over several days with documentation of major
load operation.

Substation D is the preferred power source but its capacity must be evaluated prior to making a final
determination. If it is determined that Substation D does not have adequate capacity for the entire
proposed load, the loads may be divided between Substations B and D. The following description
includes deriving the power source from either B or D or both.

Refer to the attached load summary spreadsheet for a detailed list of the proposed loads and total load
calculation. The proposed loads will be served by a new motor control center in the existing electrical
room in the Solids Handling Building. Refer to the attached One Line Diagram drawing for the
Filtration System motor control center (MCC). The MCC will be of sufficient electrical capacity and
physical size to accommodate future loads equal to 20% of the presently planned load.

Substations D and B, and several other substations, are served from the plant main 4,160V substation
“MS”. The main 4,160V substation “MS” must be evaluated to determine the spare capacity to verify
that it is adequate for the new loads.

A new low voltage power circuit breaker will be installed in an existing spare space in the substation.
Two conduits will be installed from the substation to the MCC. Conduit and wire will exit the
substation near the top of the gear and run along the interior of the substation building wall to a
junction box. The conduits will exit the building and be installed on a support beam from Substation D
building to the Solids Handling Building and then along the exterior wall to the electrical room and
into the MCC. Underground duct bank will be required to route power from Substation B to the
electrical room in the Solids Handling Building.

The existing electrical equipment in the electrical room, including the MCC and VFDs, will be removed
and replaced with new equipment. The existing PLC cabinet (CP-10) in the center of the room will
remain in place, and only the I/0 associated with the existing filtration system will be removed from
this panel. The existing filter systems served by the equipment in the electrical room will be
demolished prior to new construction and the electrical equipment does not need to stay in service
during construction.
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HVAC equipment and miscellaneous small loads will be rated and served at 208V, 3 phase or 120V, 1
phase depending on the load. New HVAC equipment will be served from existing panelboards.

5.2.4 Design Criteria

The following criteria will serve as a guide during the development of the final electrical design.

5.2.4.1 Motor Control Centers (MCC)

A NEMA 12, 480 Volt, 3-phase MCC manufactured by Cutler-Hammer will be provided in the existing
electrical room. MCC wiring will be Class Il type B. Main horizontal and vertical buses will be copper.
MCCs will be equipped with the following:

= Transient Voltage Surge Suppression (TVSS)

=  Motor starters, full voltage, for 50hp and below

» Variable frequency drives (VFDs)

= Circuit breakers sized according to the loads they protect per applicable codes
= Digital electrical parameter metering

5.2.4.2 Surge Protection

Surge protection will be provided in the MCC. The surge protective device will be installed on the load
side of the main circuit breaker.

5.2.4.3 Wiring Methods

Power conductors will be copper. Conductors shall be 600 Volt, rated 90 degree C, wet location,
moisture resistant, flame-retardant, thermosetting insulation, Type XHHW-2, stranded. Control wiring
will be copper, 600 Volt, rated 90 degree C, wet location, moisture resistant, flame-retardant, type
XHHW-2, stranded. Conductor sizing will be based on 30 degree C ambient temperature, and only
allowing the conductor to heat up to 60 degree C (75 degrees C above 1/0AWG), even though the
conductor is rated for 90 degrees C. This is to prevent overheating any of the connectors and lugs.

Underground conduits will be direct-buried Rigid Aluminum. Wiring throughout the filtration area
may be accomplished utilizing conduit trenches. These are pre-manufactured or cast-in-place
underground trenches with an open or closed cover. This allows flexibility when installing and
modifying the underground wiring. Wiring trenches with grate covers will be utilized where practical.

Exposed conduits will be Rigid Aluminum in corrosive and non-corrosive areas. Liquid-tight flexible
metallic conduit will be used for flexible connections in dry, wet, and damp locations. Enclosures will
be specified for environmental areas as indicated in Table 5-2.

Existing conduits are corroded and may not be suitable for pulling in new conductors. Existing
conduits will not be reused for new construction.

Table 5-2: Enclosure Design Criteria

Area NEMA Rating

Indoor Dry NEMA 12
Indoor Process NEMA 12
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Indoor Corrosive NEMA 4X 316 SS
Outdoor NEMA 4X 316 SS
Outdoor Corrosive NEMA 4X 316 SS

5.2.4.4 Voltage Drop

Conductors will be sized for a maximum voltage drop of 2% for feeder conductors and 3% for branch
circuit conductors at full-connected load. Total maximum voltage drop allowed will be 5%.

5.2.4.5 Grounding

The 480 Volt electrical systems neutral will be solidly grounded. The grounding system will include
connecting bare copper ground ring, ground rods, and major rebar in foundations, structural steel,
and electrical equipment.

Buried #4/0 bare copper ground grid, located 30-inches below grade, with ground rods and a ground
test well, will be provided as the grounding electrode system per NFPA 70 (NEC). An equipment
grounding conductor sized per the NEC will be provided in each conduit to ground electrical
equipment.

The grounding electrode system will have maximum resistance of 5 ohms for the electrical system.
Lightning protection will not be included for the canopy structure.

5.2.4.6Lighting and lllumination

Interior and exterior lighting around the canopy will be provided. The canopy lighting system will be
designed in accordance with IES. The lighting system will be designed using the following illumination
levels defined in Table 5-3.

Table 5-3: lllumination Levels

Illumination Levels

Functional Area Intensity at Floor Level (Footcandles)
Process Area 40
Outdoor equipment areas (pumps, tanks) 1

Outdoor operator areas (valve operation, instrument

reading, equipment status, control stations) >

Under-canopy lighting will consist of high-efficiency high pressure sodium light fixtures.

Exterior lighting will utilize wall pack type fixtures with high-pressure-sodium lamps. Outdoor
operator areas and equipment area lighting will be controlled with switches.

Interior and exterior lighting will be operated on 120 Volts.

5.2.4.7 Receptacles

120 Volt receptacles will be provided on the canopy structure every 50 feet or as required.
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5.2.4.8 Dry-Type Transformer

Dry type transformers will be energy efficient, three phase 480 Volt delta primary, with four 2-%%
full capacity taps below normal, 208/120 Volt wye secondary, 115 degree C rise, 180 degree C
insulation, encapsulated copper windings, indoor non-ventilated enclosure, with electrostatic
shielding.

5.2.4.9 Panel Boards

The panel boards will be rated for 208/120 Volt, 3 phase, four wire, and 10,000 Amp interrupting
capacity and will have solid-grounded neutral rated 100% of phase bus and aluminum buses, and bolt-
on type circuit breakers.

5.2.4.10 Variable Frequency Drives

VFDs will be 18 pulse, Altivar 71 manufactured by Schneider Electric. The VFD’s harmonics level will
be IEEE 519-1992 compliant. The motors controlled by VFDs will be inverter duty, per NEMA MG-1
Parts 30 and 31.

5.2.4.11 Induction Motors

Induction motors will be 208/120 Volt, single phase for fractional horsepower sizes, and 480 Volt,
three phase for integral horsepower sizes. Three phase motors will be high efficiency, 1.15 service
factor, totally enclosed fan cooled, with thermal cutouts in the winding for VFD driven motors, and
anti-condensation heaters, for motors outside above 10hp.

5.2.4.12 Standby Power

Standby power is presently provided to the Distribution Panel MS at 4,160V by a standby generator.
The proposed Membrane Filtration Facility is not a critical system and can be shut down during power
outages. Equipment that must remain in operation for an orderly shutdown will be connected to
standby power.

The Membrane Filtration system will be connected to the plant distribution system and can be
operated from the standby power system if desired. For most process equipment the controls will
utilize manual start/stop control or PLC control such that during a power outage the equipment will
shut down and not restart unless requested to start. Equipment that must remain in operation for an
orderly shutdown will be designed to automatically start when standby power or utility source power
is restored. The existing standby power system may not have adequate capacity to operate this system
depending on the other plant loads operating on standby power.

5.3 Instrumentation and Controls

The following section provides the 1&C design criteria for the various components of the proposed
Membrane Filtration Facility.

5.3.1 Applicable Codes, Standards, and References

The I&C for the EEWWTP shall be designed in accordance with local and latest industry standards.
The following list the primary documents that will be used for design.

= ISA S5.2 Binary Logic Diagrams for Process Operations

= ISA S5.3, Graphic Symbols for Distributed Control/Shared Display Instrumentation Logic and
Computer Systems.
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= ISA S5.4, Instrument Loop Diagrams.

» ISA S20, Specification Forms for Process Measurement and Control Instruments, Primary
Elements and Control Valves.

= ISARP60.3, Human Engineering for Control Centers

= ISA-99, Industrial Automation and Control Systems Security

* National Electrical Manufacturers Association (NEMA)

= NFPA 70, National Electrical Code (NEC).

= NFPA 79, Industrial Control Equipment.

= UL 508 - Industrial Control Equipment - for custom fabricated equipment

*= A nationally recognized testing laboratory, as approved by the Authority having jurisdiction,
may substitute for UL listing on commercial off the shelf products.

5.3.2 Existing Instrumentation and Control System

The existing filtration system is controlled from the panels CP-10 and LCP-10. The PLC platform is
Modicon. The filtration system can be controlled locally at the equipment and monitored from the
plant’s existing SCADA system. The SCADA Operator Workstations (OWS), which run the Wonderware
InTouch software from a tower PC, are located in the Solids Handling Building, Filter Control Room
and Distribution Pump Station. In addition to the OWSs, local panel-mounted industrial computers
(referred to as the Human Machine Interface, or HMI) also are developed using Wonderware software.
The existing plant SCADA system consists of a fiber optic network connecting all area PLCs to a single
network. The network communication protocol is Ethernet.

5.3.3 Proposed Instrumentation and Control Upgrades

The existing filtration system will be demolished and replaced with a new Membrane Filtration
System. All of the existing /0 shall be removed from its associated control panel. The proposed
Membrane Filtration System control panel will be provided with a PLC and associated programming,
and integrated into the existing plant SCADA system to be operable remotely from the OWSs and
HMIs, and locally through hardwired switches and pushbuttons at each equipment area. The proposed
Membrane Filtration System shall match the existing EEWWTP SCADA and equipment tagging
standards.

5.3.3.1 Operations and Control Philosophy

The general control philosophy for the Membrane Filtration System is for vendor packaged systems to
include a complete control system, including instrumentation, to monitor and control the provided
equipment. These individual control systems will be integrated into the plant-wide SCADA network
and monitored and controlled from the master facilities controls. The design is intended to meet the
following objectives:

=  Design the network system to provide a high degree of reliability.

*=  Provide automation capability (where appropriate) with manual override. The use of
automated systems can give operators more operational flexibility.
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=  Allow the automatic and manual operation of the proposed Membrane Filtration System from
the OWSs and from designated areas around the plant.

*  Minimize the down time caused by monitoring and control component failures.

= Use the latest available technology to facilitate future expansion or modification.

5.3.4 Design Criteria

The following criteria will serve as a guide during the development of the final design.

5.3.4.1 SCADA Control Architecture

The proposed Membrane Filtration Facility will be incorporated into the existing EEWWTP SCADA
system with the use of Modicon Programmable Logic Controllers (PLC). OWS and HMI screens will be
developed by the vendor for integration to the existing EEWWTP SCADA screens. An integrator shall
incorporate all the MF/UF system screens and remove the demolished filtration system screens from
the SCADA system. The screens shall be developed using the version of the existing Wonderware
system. The design and integration shall follow the existing EEWWTP SCADA standards.

5.3.4.2 Programmable Logic Controllers

The PLC platform being designed for the new facilities shall be Modicon Quantum PLCs. Each PLC shall
utilize the latest CPU processors, communications modules and the latest I/O modules. The PLC shall
be programmed with Modicon Unity software.

Input modules will be 24 volts Direct Current (DC) modules only. The output modules will be relay
modules used to trigger interposing relays. Analog modules shall be 4-20mA 24VDC isolated input and
output channel design. All analog signals exiting buildings to or from devices or instruments shall have
transient voltage surge suppression, TVSS, to reduce risk of lightning or power surge conditions.

Vendor supplied PLCs shall have onboard removable memory modules. The memory modules shall
hold the processor’s program and other vital information. Vendor supplied PLCs shall match the
manufacturer of the Plant PLC system.

Individual Uninterruptible Power Supplies (UPS) shall be used for all PLCs and any SCADA network
devices. This includes all Ethernet switches and network related equipment. The UPSs should have
adequate power reserves to maintain operations for a minimum of 30 minutes. The UPSs must also be
able to communicate with the PLC regarding its condition and the condition of the system power
input. UPSs shall be provided with maintenance bypass switches for service during operation.

All PLCs should be configured to have a startup procedure in the event that a PLC needs to be
shutdown and restarted. The startup program should have either a fixed startup procedure or have
retentive values saved from the last known good running condition. Once the PLC has started up, the
program should then enter normal operating conditions but the operator should be informed there
has been an event.

All PLC Hardware Racks shall have adequate power supplies installed to support a minimum of 25%
/0 expansion. PLC panel load calculations should be performed and documented to illustrate
adequate power once total I/0 count and device count is completed. In addition, there shall be at least
25% spare 1/0 capacity installed in all PLCs excluding vendor provided PLCs associated with specific
equipment.
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5.3.4.3 Device and Equipment Communications

Vendor supplied equipment utilizing a PLC shall communicate to the area PLC through a network
connection protocol of modbus over Ethernet.

The majority of vendor supplied equipment along with motor control equipment will be specified with
the standard option to communicate using modbus over Ethernet. Network switches and associated
devices shall be managed where shown in the network block diagram and in the design specifications.
The system integrator shall connect all new network communications to the existing SCADA system.

5.3.4.4 SCADA HMI System

New HMIs will be provided and panel mounted to new control panels with PLCs. The HMI will operate
on the latest Wonderware SCADA software and communicate with the other distributed control
panels at the existing EEWWTP. The new HMI screens will be developed following the existing
EEWWTP screens standards. The integrator shall coordinate with EEWWTP to determine existing
screens functions. The Membrane Filtration Facility preliminary screens shall be provided to the
engineer and EEWWTP for approval before final screen development.

5.3.4.5 Field Devices

The majority of field mounted devices shall be hardwired to the area motor control center (MCC) or
PLC. Any device connected to the PLC shall be approved by the PLC manufacturer. Any device installed
onto the Ethernet/IP network shall be Ethernet/IP compliant. Failure to follow these
recommendations could result in network failures or an incompatible network device.

Local control panels will be used in the proposed Membrane Filtration System. The local control
panels will be located close to the equipment. The local control panel will have a Hand Off Auto (HOA)
selector switch and other control devices, indicator lights, and push buttons. The HOA selector switch
will allow an operator to take manual control of a device or piece of equipment and operate it from
that panel manually.

Automated vendor packaged systems shall utilize Ethernet/IP communications where available. If
Ethernet/IP is not available, hardwired can be used. The usage of individual UPSs for automation
components should be viewed based on operation sensitivity, if a piece of equipment can wait for the
Backup emergency power to activate, a UPS is not needed. If a piece of equipment must remain
operational through the utility to generator switchover, then a UPS will be required. In general PLCs,
Operator workstations and SCADA network equipment switches shall be on UPS power.

The new system field devices using these recommendations will create a network with high reliability,
and meet all of the priorities required for this project. Specific field instruments will be defined as part
of final design development.

5.3.4.6 PLC Monitoring and Control

Instruments/Equipment/Devices with monitoring and control capability will be tied to the SCADA
system, via area PLC, for operator monitoring and control purposes.

Vendor provided PLC packaged control systems shall be tied to the SCADA network via area switches
for monitoring and control as required. Vendor provided PLCs shall control the equipment supplied by
the vendor and equipment associated with the process potentially supplied by others. The following
are some of the typical I/0 signals that will be monitored and used to control equipment or systems by
SCADA.
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Level Transmitters

Continuous level monitoring

PLC calculated high/low level alarm

PLC calculated high-high/low-low level alarm
Level Switches

High/ low level alarms

High-high/low-low level alarms

Flow Transmitters (Or Weirs, flumes)
Continuous flow monitoring

PLC calculated flow totals

PLC calculated high/low flow alarms

Flow Switches

Flow alarms where applicable

Pressure Transmitters

Continuous pressure monitoring

PLC calculated high/low pressure alarms
Analyzers (pH, Chlorine, ORP etc.)
Continuous signal monitoring

Dry contact high/low level alarm

PLC calculated high-high/low-low level alarm
Temperature Transmitters

Continuous temperature indication

PLC calculated high/low temperature alarm
Temperature Switches

High temperature alarm

Low temperature alarm

Open/Close Valve or Gate

Valve open/close command
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= Valve open/close position indication

» Valve in Auto or Remote indication

» Valve fault indication

*=  Modulating/Flow Control Valve

= Valve position setpoint

= Valve position feedback

= Valve open/close position indication if applicable
= Valve fault indication

*= Constant Speed Pumps

=  Pump start/stop command

*  Pump running indication

*  Pump in auto or remote indication

*  Pump faulted (General Fault or Multiple Fault Indicators, etc.)
»= Variable Speed Pump

= VFD start/stop command

*=  VFD running indication

* VFD in auto indication

=  VFD faulted

=  VFD speed setpoint

=  VFD speed feedback

= On some motors, motor winding and bearing temperatures
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Mike Lin, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.6
- Civil Design Criteria and Demolition and Constructability Considerations

6.1 Introduction

This Technical Memorandum No.6 (Filtration TM No.6) provides the civil design criteria, demolition,
and constructability evaluation for Membrane Filtration Facilities at El Estero Wastewater Treatment
Plant (EEWWTP) in City of Santa Barbara (City).

6.2 Civil

The following section provides the civil design criteria for the various components of the Membrane
Filtration Facilities.

6.2.1 Applicable Codes, Standards, and References
The following codes, standards and references apply to the site-civil design for the EEWWTP.

= (City of Santa Barbara Public Works Construction Standard Details, as appropriate

» Santa Barbara County Department of Public Works Transportation Division Engineering Design
Standards, as appropriate

= (California Department of Transportation (CALTRANS) Standard Specifications, Standard
Drawings, and Signage Standards, as appropriate

= Standard Plans for Public Works Construction, American Public Works Association - Southern
California Chapter and Associated General Contractors of California — Southern California
Districts “Greenbook Committee”

= American Society of Mechanical Engineers (ASME)
= American Society of Testing and Materials (ASTM)

* American Water Works Association (AWWA)
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* American National Standards Institute (ANSI)

=  AWWA M11 Steel Pipe - A guide for Design and Installation
=  AWWA M23 PVC Pipe - Design and Installation

=  AWWA M55 PE - Pipe Design and Installation

=  AWWA M41 - Ductile Iron Pipe and Fittings.

» Staal, Gardner & Dunne, Inc Geotechnical Report dated September 1987

6.2.2 Existing Civil Conditions and Previous Studies

The existing site civil features at the EEWWTP include yard piping, surface drainage, access road,
parking, and gates and fences. Buried yard piping at the plant is predominately vitrified clay pipe and
reinforced concrete pipe, but also consists of various type of pipe material. The site is graded so that
stormwater flows away from the building and is collected by concrete gutters that discharges to a
reinforced concrete storm drain system or directly offsite. The storm drain system discharges into a
channel located on the east side the plant.

Sanitary waste is collected from the Administration Building, Maintenance Building, and various
process areas to a plant sanitary sewer system that connects to the 42-inch diameter interceptor
sewer and is conveyed to the Influent Pump Station.

The main access to the plant is through an access gate just off Yanonali St. on the northeast site of the
plant. A secondary access gate is located on the southeast side of the plant off Quinientos St. A main
access road and various secondary access roads provide vehicular access to the various process areas
within the plant.

6.2.3 Proposed Civil Upgrades

The proposed Membrane Filtration Facility and Hydrochloric Acid system will be located within the
unpaved area occupied by the existing Filter Complex. A new concrete truck loading pad will be
located on the west side of the Hydrochloric Acid system. The concrete truck loading pad will have a
sump and a drain line with an isolation valve to capture any potential chemical spills during the
chemical delivery and allow storm water runoff to drain into plant influent. New cross gutters will be
provided to divert the storm water runoff around the concrete truck loading pad and to the curb and
gutter on the west side of the access road. Appendix A, Sheet No. C-01A shows the preliminary site.
The existing Filter Complex will be demolished for the proposed Membrane Filtration Facility.
Reference Filtration TM No.3 for Structural Requirements.

The proposed citric acid, sodium hydroxide, and antiscalant systems will be located along the west
side of the sludge handling building in the existing parking area. The existing sodium hypochlorite
storage and feed equipment area will be expanded northward to accommodate 4 new feed pumps. The
existing sodium bisulfite storage and feed equipment are will be expanded westward to accommodate
2 new feed pumps.

Yard piping upgrades will include new piping for MF/UF feed, MF /UF filtrate, backwash/CIP (clean-in-
place) drainage, drain lines, chemical lines, overflow line to CCT effluent, and potable water line to the
CCB influent for chlorine injection. Isolation valves or blind flanges will be provided to allow for
connections for the future RO system.
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6.2.4 Design Criteria
6.2.4.1 Yard Piping

Yard piping will include MF/UF feed, MF/UF filtrate/RO Bypass, Backwash/CIP drainage, drains, and
chemical lines. Design and construction of the yard piping will be coordinated with the design and
construction of the proposed Membrane Filtration Facility Structure. Appendix A, Sheet Nos. C-01A,
M-01B and M-02A show the preliminary site and site process yard piping for the proposed Membrane
Filtration Facility. Buried pipe and fittings will be AWWA Polyvinyl Chloride (PVC) C900/C905, High
Density Polypropylene (HDPE), Ductile Iron Pipe (DIP), or 316 Stainless Steel (SS). Where DIP and
fittings are used they will be encased in polyethylene in accordance with AWWA C105. Table 6-1
summarizes the preliminary yard piping schedule. Buried pipe will have a minimum cover of four feet.
Trenching, backfill, bedding, and compaction will be per the City’s standard details and per
geotechnical report recommendations. All buried pressure piping will be restrained against thrust
using thrust blocks or restrained joints as appropriate. The thrust restraint design will be based on the
highest pressure in the pipeline, typically the hydrostatic test pressure.

Chemical lines will be double contained pipes with PVC or Chlorinated Polyvinyl Chloride (CPVC)
carrier pipe contain in PVC pipe. Chemical pipes will be direct buried with chemical leak monitoring
stations. Where two or more chemical pipes are located in the same route, the chemical pipes may be
located in an utilidor.

Table 6-1: Preliminary Yard Piping Schedule

Category Pipe Material Nominal Diameter (in)
Secondary Effluent (SE) PVC/HDPE/DIP 14
Filter Effluent (FE) PVC/HDPE/SS 12

Staal, Gardner & Dunne, Inc. Geotechnical Report dated September 1987 indicated that the ground
water level range from -4 to +5 feet MSL and that ground water levels may rise to near ground surface
level for short time periods following heavy precipitation. Buried yard piping will be designed to
ensure that it has sufficient ground cover to resist the uplift force from the high ground water.

Leak testing of pipelines will be in accordance with the applicable AWWA and ASTM standards and
manuals for the pipe material (e.g. AWWA M23 for PVC/HDPE, AWWA M41 for DIP, AWWA M11 for
SS). Hydrostatic test water will be discharged into the plant sewer system at a rate coordinated with
plant operations staff.

6.2.4.2 Sanitary Sewer/Drain

New drain lines will be provided to convey Backwash, CIP waste, and drainage from the spill capture
area by gravity to an existing sewer manhole by the new Membrane Filter. Sanitary sewer/drain
system shall be AWWA PVC C900 SDR 35. Sanitary sewer pipe design criteria are summarized in Table
6-2. Cleanouts will be provided at all junctions or changes in pipe direction or slope/drain.
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Table 6-2: Sanitary Sewer/Drain Pipe Design Criteria

Description Requirement

Minimum Size 4-inch (laterals)
8-inch (mains)

Maximum Velocity at Peak Flow 10 fps
Minimum Velocity at Peak Flow 2 fps
Manning’s n-value 0.013
Pipe Material(s) C900 PVC

ASTM D3034 SDR-35 PVC

6.2.4.3 Grading, Paving, and Drainage

The new structures will be located at grade and minimal grading is expected to occur at the site. Any
new grading will be limited to the landscaped area around the existing Filter Complex. Minimal impact
to the existing site drainage is expected. Where existing drainage path is disrupted (i.e. chemical truck
loading area) a new cross gutter will be provided to divert storm water flow around the containment
pad and connect to the existing gutter across the roadway.

Pavement design will be per the Staal, Gardner & Dunne, Inc. Geotechnical Report (1987)
recommendation. Pavement will be 3-inch asphalt concrete over 6-inch crushed aggregate base.
Aggregate base and the upper one foot of subgrade soil will be compacted to 95 percent relative
compaction.

6.2.4.4 Landscaping

Landscaping will be provided to restore the disturbed site to existing condition as much as possible.
Landscaping will be per City of Santa Barbara Landscape Design Standards for Water Conservation.

6.3 Demolition

The following section provides the demolition design criteria for the various components of the
filtration system.

6.3.1 Proposed Demolition

The existing Filter Complex will be demolished down the foundation slab and new concrete will be
added to provide a level surface for the proposed Membrane Filtration Facility. Reference Filtration
TM No.3 for structural demolition requirements. The existing landscape and a section of the asphalt
will be demolished for the construction of the Membrane Filtration Facility, and chemical containment
areas for Sodium Hypochlorite Facility additions, Hydrochloric Acid, Citric Acid, and Sodium
Hydroxide, and Antiscalant systems. The existing 24-inch FI (Filter Influent) and 24-inch FE (Filter
Effluent) will be cut, capped, and protected in place. The existing 18” OF (overflow), 1-inch ALP (air
low pressure), 1-inch AHP (air high pressure), 1 %-inch AL (aluminum) 1 %2-inch CS (chlorine
solution), 1-inch APO (anionic polymer), 1-inch CPO (cationic polymer), ¥-inch FE, %2"-inch FI, and 4-
inch drain will be demolished and removed from site. See Appendix A, Sheet Nos. D-1 through D-3 for
preliminary demolition plans and section.

6.4 Constructability

The following section provides a description of constructability issues for the various components of
the filtration system.
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6.4.1 Maintenance of Plant Operations (MOPO)

The existing filtration system will be taken out of commission for demolition and disconnected from
the system for the construction of the new facilities. Potable water will be used in the recycled water
system during construction of the proposed Membrane Filtration Facility and the proposed chemical
systems. The existing 24-inch FI and 24-inch FE will be cut, and valve off for connection to the
proposed Membrane Filtration Facility prior to startup and testing. The existing 18” OF, 1-inch ALP, 1-
inch AHP, 1 ¥%-inch AL, 1 %-inch CS, 1-inch APO, 1-inch CPO, ¥-inch FE, ¥%"-inch FI, and 4-inch drain
will be demolished and removed from site. Table 6-3 summarizes the construction sequence and
issues.

Table 6-3: Construction Sequence

Construction Sequence Comments
Disconnect Filter Complex from system Filter complex is not required for EEWWTP operations.
Groundwater dewatering Periodic - depending on construction schedule.

Cut & valve off existing 24-inch Fl and 24-inch FE. Inspect existing pipe for defect and protect in place.

Demolish Filter Complex & construct new Provide potable water for recycled water system.
Membrane Filtration Facility and associated
Chemical systems

Connect to system for startup and testing. Membrane Filtration Facility may be isolated my closing the new
isolation valves on the Fl and FE pipeline.

High ground water may be encountered during the wet season and will require that dewatering take
place during the construction of the proposed Membrane Filtration Facility.
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Greg Wetterau, CDM Smith
Evelyn You, CDM Smith
Kirk Johnson, CDM Smith

Date: November 21, 2012

Subject:  Tertiary Filtration Preliminary Design Technical Memorandum (TM) No.7
- Opinion of Probable Cost of Construction and Implementation Schedule

7.1 Introduction

This Technical Memorandum No.7 (Filtration TM No.7) provides the opinion of probable costs and
implementation schedule for the construction of Tertiary Filtration Facilities at El Estero Wastewater
Treatment Plant (EEWWTP) in City of Santa Barbara (City).

7.2 Opinion of Probable Cost of Construction

The opinion of probable construction costs for the Tertiary Filtration Facilities at EEWWTP is
$5,300,000. The break-down of the construction cost estimate is included in Appendix C-5.

The cost estimate includes the following indirect costs and allowances, which are estimated as
summarized below based on previous construction project experience:

= Electrical Allowance - Embedded in subtotal of direct cost

* Instrumentation and Control Allowance - Embedded in subtotal of direct cost
*  General Conditions - 10.00%

*  Building Permits - 1.00%

= Sales tax (Materials, Equipment, and Other) - 7.75%

= Construction Contingency - 25.00%

» Overhead and Profit - 10.00%

» Builders Insurance - 0.20%

*  General Liability Insurance - 1.00%
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= Bonds-1.50%
» Escalation (assuming mid-point of construction to be October 2014) - 5.00%

Assuming 15% of construction cost for the cost of engineering design and services during
construction, 5% of construction cost for permitting, administration, and legal, the total project cost
would be approximately $6,400,000. The opinion of probable cost of construction is summarized in
Table 7-1.

Table 7-1: Opinion of Probable Cost of Construction

Item Cost

MF/UF Facility $5.3 Million
(including existing Filter Complex demolition, site civil, yard
piping, process equipment, electrical improvements,
programming upgrades)

Engineer design and services during construction (15%) $0.80 Million
Permitting, administration, and legal (5%) $0.27 Million
Total $6.4 Million
Notes:

1. Does not include costs for new on-site storage reservoir, building upgrades and improvements to Solids Handling
Building drainage, automation of existing CCT chlorination and dechlorination chemical feed systems, or upgrades
to existing recycled water booster pump station.

2. Does not include construction management costs.

7.3 Implementation Schedule

The projected implementation schedules for the design and construction of the Demineralization
Facility without MF/UF vendor preselection and with without MF/UF vendor preselection are
presented in Figures 7-1 and 7-2, respectively.

The project schedule without MF/UF vendor preselection estimates 9 months for Final Design, 4
months for Bid Phase, and 20 months for construction. The permitting would require approximately 6
months, including 3 months for CDPH review. The permitting phase would start during 90 percent
design.

The project schedule with MF/UF vendor preselection estimates approximately 10 months for MF/UF
vendor preselection package preparation, bidding, selection and award, and shop drawings phase. The
duration of final design, permitting, general contractor bidding, and construction are expected to be
the same as the schedule without MF/UF vendor preselection. Based on the required project
schedule, preselection of MF/UF vendor is not recommended for this project.
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MONTHS
10]11]12]13]14]15]16]17] 18] 19] 20 21]22] 23] 24] 25] 26] 27] 28] 29] 30] 31| 32] 33

ACTIVITIES 1]2[3]a]s][e6]7]s
FINAL DESIGN
60% DESIGN SUBMITTAL
CLIENT REVIEW
90% DESIGN SUBMITTAL [ ]
CLIENT REVIEW
BID SET SUBMITTAL
PERMITTING [ ]
DRAFT TITLE 22 ENGINEERING REPORT
CDPH REVIEW [ 1
FINAL TITLE 22 ENGINEERING REPORT
BID PHASE [ ]
BID
AWARD |
CONSTRUCTION PHASE
CONSTRUCTIOIN
START-UP AND COMMISSIONING

(-]

Figure 7-1: Implementation Schedule without MF/UF Vendor Preselection
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MONTHS

ACTIVITIES

1

o

11][12[13]14] 15[ 16 17] 18 19] 20] 21[ 22] 23] 24] 25] 26] 27] 28] 29] 30] 31 [ 32] 33 34| 35] 36] 37] 38] 39] a0] 41] 42[ 43

MF/UF PRESELECTION

DRAFT PRESELECTION PACKAGE

CLIENT REVIEW

FINAL PRESELECTION PACKAGE

BIDDING

VENDOR SELECTION AND AWARD

SHOP DRAWING SUBMITTALS

FINAL DESIGN

60% DESIGN SUBMITTAL

CLIENT REVIEW

90% DESIGN SUBMITTAL

CLIENT REVIEW

BID SET SUBMITTAL

PERMITTING

DRAFT TITLE 22 ENGINEERING REPORT

CDPHREVIEW

FINALTITLE 22 ENGINEERING REPORT

BID PHASE

BID

AWARD

CONSTRUCTION PHASE

CONSTRUCTIOIN

START-UP AND COMMISSIONING

Figure 7-2: Implementation Schedule with MF/UF Vendor Preselection
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PROCESS STREAM ID 1 2 3 4 5 6 7 8 9 10 11 12 13 21 22 23 24 25 |CHEMICAL ID A B C D E F G
DESIGN PARAMETERS
CHEM DOSE,
RECOVERY 98% 95% AVG. (mg/L) | EXIST | 12.0 | 43.0 | 3.0 [ ExisT | ExisT| Exist
CHEM DOSE,
TSS REJECTION 99.9% MAX. (mg/L) EXIST | 18.0 47.0 5.0 EXIST | EXIST | EXIST
SALT REJECTION
FLOWS
DESIGN FLOW (mgd)® 2.69 134 | 269 | 134 | 132 | 263 | 0.03 | 0.05 | 0.88 | 0.83 | 2.50 | 0.04 | 0.13 | 2.50 | 2.50 | 2.50 0.46 1.02
DESIGN FLOW (gpm) 1,860 930 | 1,860 | 930 910 | 1,830 20 40 610 580 | 1,740 30 90 1,740 | 1,740 | 1,740 320 710
MINIMUM FLOW (mgd)b 1.07 0.54 1.07 0.54 0.53 1.05 0.01 0.02 1.05 1.00 1.00 0.05 0.05 1.00 1.00 0.43 0.43 0.00
MINIMUM FLOW (gpm) 750 370 750 370 370 730 0 0 730 690 690 0 0 690 690 300 300 0
MAXIMUM FLOW (mgd)® 3.22 1.61 | 3.22 [ 161 1.58 | 3.16 [ 0.03 | 0.06 | 1.05 1.00 | 3.00 [ 0.05 | 0.16 | 3.00 [ 3.00 | 3.60 1.56 1.02
MAXIMUM FLOW (gpm) 2,240 | 1,120 | 2,240 | 1,120 | 1,100 | 2,190 | 448 448 730 690 | 2,080 | 1,500 | 1,500 | 2,080 | 2,080 | 2,500 | 1,080 710
PRESSURES
PRESSURE, AVG. (psi) 2 27 27 27 23 23 0 0 23 9 9 0 0 3.3 EXIST | EXIST | EXIST [ EXIST
PRESSURE, MAX (psi) 3 62 62 62 53 53 0 0 53 9 9 0 0 3.3 EXIST | EXIST | EXIST | EXIST
CONSTITUENTS
pH, AVG 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 |pH 12.0 | 123 | <1.0 2-4 12.3 | 12.3 [4.8-5.2
pH, MAX 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
TSS, AVG (mg/L) 10 10 10 10 10 10 10 0.01 | 0.01 0.01 | 0.01 | 0.01 0.01 0.01
TSS, MAX (mg/L) 10 10 10 10 10 10 10 0.01 | 0.01 0.01 | 0.01 | 0.01 0.01 0.01
TURBIDITY, AVG (NTU) <10 <10 <10 <10 <10 <10 <10 <2 <2 <2 <2 <2 <2 <2
TURBIDITY, MAX (NTU) <10 <10 <10 <10 <10 <10 <10 <2 <2 <2 <2 <2 <2 <2
TDS, AVG (mg/L) 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 |1,254.0]1,254.0| 1,254.0| 1,254.0
TDS, MAX (mg/L) 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 |1,614.0]1,614.0] 1,614.0| 1,614.0
TOTAL CHLORINE, AVG (mg/L) 0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
TOTAL CHLORINE, MAX (mg/L) 0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
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NOTES:

a) DESIGN FLOWS ARE EQUIVALENT OF MAXIMUM DAILY RECYCLED WATER DEMAND IN YEAR 2030.

b) MINIMUM FLOWS ARE EQUIVALENT OF THE MINIMUM FLOWS AT WHICH THE MF/UF AND RO SYSTEMS CAN BE OPERATED (ONE MF/UF SKID and ONE RO TRAIN).

¢) MAXIMUM FLOWS ARE EQUIVALENT OF SYSTEM DESIGN CAPACITY (CAPACITY WITH ALL MF/UF SKIDS AND ALL RO TRAINS ONLINE 24 HRS/DAY).
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DESIGN PARAMETERS Q E
CHEM DOSE, E <
RECOVERY 98% 95% 85% AVG. (mg/L) |EXIST| 12.0 | 43.0 | 3.0 |EXIST[EXIST| EXIST =
CHEM DOSE, o) (n'd
TSS REJECTION 99.9% MAX (mg/L) |EXIST| 18.0 | 47.0 | 5.0 | EXIST|EXIST| EXIST = “ I O)
SALT REJECTION 97% < <
FLOWS ,CE I_ —_
DESIGN FLOW (mgd)® 287 | 1.44 | 2.87 | 144 | 141 | 2.82 | 0.03 | 0.06 | 0.94 | 0.89 | 2.68 [ 0.05 | 0.14 | 1.50 | 1.18 | 0.59 | 0.50 | 1.00 | 0.09 | 0.18 | 2.50 | 2.50 | 2.50 | 0.46 | 1.02 = (D ()]
DESIGN FLOW (gpm) 2,000 | 1,000 | 2,000 | 1,000| 980 | 1,960 20 | 40 [ 650 | 620 [ 1,860 30 | 100 [ 1,040]| 820 | 410 | 350 | 690 [ 60 | 120 | 1,740] 1,740] 1,740| 320 | 710 t >
MINIMUM FLOW (mgd)® 1.07 | 054 | 1.07 [ 0.54 | 053 | 1.05 | 0.01 | 0.02 | 1.05 | 1.00 | 1.00 | 0.05 | 0.05 | 0.41 | 0.59 | 0.59 | 0.50 | 0.50 [ 0.09 | 0.09 | 0.91 | 0.91 | 0.43 | 0.43 | 0.00 r ;
MINIMUM FLOW (gpm) 750 [ 370 | 750 [ 370 | 370 | 730 [ © 0o | 730 [ 690 | 690 | © 0 | 290 | 410 | 410 | 350 | 350 | 60 | 60 | 630 | 630 | 300 | 300 [ o < (D O
MAXIMUM FLOW (mgd)® 322 | 161|322 | 161 | 1.58 | 3.16 | 0.03 | 0.06 | 1.05 | 1.00 | 3.00 [ 0.05 | 0.16 | 1.82 | 1.18 | 059 | 0.50 | 1.00 | 0.09 | 0.18 | 2.82 | 2.82 | 3.60 | 1.56 | 1.02 E |
MAXIMUM FLOW (gpm) 2,240 1,120 2,240] 1,120] 1,100 2,190 479 | 479 | 730 | 690 | 2,080] 1,500 1,500] 1,270] 820 | 410 | 350 | 690 | €0 | 120 | 1,960] 1,960 2,500 1,080] 710 migg 1 L
PRESSURES E :) )
PRESSURE, AVG. (psi) 2 | 27| 27l 27| 3] 23] 0 o | 3] 9 9 0 0 | 33[33]15] 9 9 10 | 10 | 9 [ExisT|ExisT|EXIST]| EXIST E
PRESSURE, MAX (psi) 3 | 62| 62] 62| 53] s3] 0 0 | 53| 9 9 0 0 | 33 [ 33]28] 9 9 10 | 10 | 9 |exisT|exisT|ExisT] ExisT RW < L 92)
CONSTITUENTS RESERVOIR = L
pH, AVG 78 | 78| 78| 78| 78| 78 | 78| 78| 78| 78| 78 [ 78| 78 [ 78| 70] 70|55 |55 77| 77|70 70| 70 70] 7.0 [pH 120 ] 123 ] <10| 24 [ 123 [ 1234852 @) § O
pH, MAX 81 81| 81 81| 81| 8181|8181 81|81 [81]|81[81|70] 70|57 |57]78|78|72[72]72]72]72 % O
TSS, AVG (mg/L) 10 | 10 | 10 [ 10 | 10 | 10 10 | 0.01 | 0.01 0.01 | 0.01 | 0.01 | 0.00 | 0.00 0.01 | 001 [ 0.01 | 0.01 [ 001 [ Y
TSS, MAX (mg/L) 10| 10| 10| 10| 10 | 10 10 | 0.01 | 001 0.01 | 0.01 | 0.01 | 0.00 | 0.00 0.01 | 001 [ 0.01 | 001 [ 001 ‘Lﬁ o
TURBIDITY, AVG (NTU) <10 | <10 | <10 | <10 | <10 | <10 <0 | 2| <« <2 | <2 | <2 ]o00] o000 2l el el ] < 1
TURBIDITY, MAX (NTU) <10 | <10 | <10 | <10 | <10 | <10 <10 <2 <2 <2 <2 <2 0.00 | 0.00 <2 <2 <2 <2 <2 L
DS, AVG (mg/L) 1,254 | 1,254 [ 1,254 | 1,254 ] 1,254 [ 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254 | 1,254] 1,254 | 1,254 | 38 | 38 |8,147(8,147| 767 | 767 | 767 | 767 | 767 B
TDS, MAX (mg/L) 1,614 | 1,614 [ 1,614 | 1,614] 1,614 [ 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 | 1,614 [ 1,614| 1,614| 1,614 1,614| 48 | 48 |10,486{10,486| 988 | 988 | 988 | 983 | 988 PBW. NO.
TOTAL CHLORINE,AVG(mg/t) | 0 [ 35| 35 [ 35| 35| 35 [ 35| 35| 35| 35| 35| 35| 35| 35| 35] 35| 30 30 35| 35]33[33]33][33]33 B B
TOTAL CHLORINE, MAX (mg/L) | 0 | 40 | 40 [ 40| 40 ] 40 [ 40| 40| 40| 40| 40| 40| 40| 40| 40] 40| 35| 35| 40| 40| 38| 38| 38| 38| 38 o0 No. |sHT. DES
NOTES: G-03B
a) DESIGN FLOWS ARE EQUIVALENT OF MAXIMUM DAILY RECYCLED WATER DEMAND IN YEAR 2030. G N
b) MINIMUM FLOWS ARE EQUIVALENT OF THE MINIMUM FLOWS AT WHICH THE MF/UF AND RO SYSTEMS CAN BE OPERATED (ONE MF/UF SKID and ONE RO TRAIN).
¢) MAXIMUM FLOWS ARE EQUIVALENT OF SYSTEM DESIGN CAPACITY (CAPACITY WITH ALL MF/UF SKIDS AND ALL RO TRAINS ONLINE 24 HRS/DAY). SHT. - OF -
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MF/UF SYSTEM
PLAN
NOTES: (9 MF /UF CEB/CIP PUMP NO.2 GYMF /UF CEB TANK FILL

(1) MF/UF FEED PUMP NO.1

(2 MF/UF FEED PUMP NO.2

(3 MF/UF FEED PUMP NO.3

(® AUTOMATIC STRAINER NO.1
(®) AUTOMATIC STRAINER NO.2
(&) MF /UF SKID NO.1

@) MF /UF SKID NO.2

MF /UF SKID NO.3

(9 MF/UF FILTRATE TANK

MF /UF CEB TANK

() MF /UF/RO CIP TANK

(2 MF /UF BACKWASH PUMP NO.1
(3 MF/UF BACKWASH PUMP NO.2
(4 MF/UF CEB/CIP PUMP NO.1

(16 MF /UF SYSTEM CONTROL PANEL
(17 SECONDARY EFFLUENT PIPE

(8 MF /UF FEED PIPE

(9 STRAINER BACKWASH WASTE PIPE

20 MF /UF
@) MF /UF
@9 MF /UF
@3 MF /UF
@3 MF /UF
@9 MF /UF
@9 MF /UF
@) MF /UF
@9 MF /UF
29 MF /UF

FILTRATE PIPE

BACKWASH SUPPLY PIPE
BACKWASH WASTE PIPE

CEB/CIP PIPE

CEB/CIP RETURN PIPE

CEB/CIP RECIRCULATION PIPE
CEB/CIP WASTE PIPE

FILTRATE TANK FILL (TOP & SIDE)
FILTRATE TANK OVERFLOW TO CCB
FILTRATE OVERFLOW TO DRAIN

@)MF/UF CEB TANK DRAIN & OVERFLOW
GIMF /UF /RO CIP TANK FILL

B9 MF /UF /RO CIP TANK DRAIN & OVERFLOW
(36 COMBINED DRAIN TO SEWER

@4 SODIUM HYPOCHLORITE PIPE

@9 CITRIC ACID PIPE

@9 CAUSTIC SODA PIPE

@)PIPE TRENCH WITH GRATING

@9 LIMITS OF FOUNDATION

@9 LIMITS OF CANOPY

60 BLIND FLANGE

G)RO FLUSH TANK (FUTURE)

69RO FLUSH PUMP (FUTURE)

63RO CIP PUMP (FUTURE)

BN

=03/

69RO CIP CARTRIDGE FILTER (FUTURE)

63 HYDROCHLORIC ACID TANK (FUTURE)

68 SCRUBBER (FUTURE)

6) HYDROCHLORIC ACID PUMP (FUTURE)
689 HYDROCHLORIC ACID PIPE (FUTURE)

69 EMERGENCY EYEWASH/SHOWER (FUTURE)

69RO
@& RO
62RO
63RO
69RO
69RO
69RO
6) RO
69 RO

FEED PIPE (FUTURE)

PERMEATE PIPE (FUTURE)

FLUSH PIPE (FUTURE)

FLUSH TANK OVERFLOW PIPE (FUTURE)
FLUSH TANK DRAIN PIPE (FUTURE)
CIP PIPE (FUTURE)

CIP RETURN PIPE (FUTURE)

CIP RECIRCULATION PIPE (FUTURE)
CONCENTRATE PIPE (FUTURE)

T

SEE DWG M—02A FOR CONTINUATION
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NOTES:

(D (EXIST) ELECTRICAL ROOM

(@ (EXIST) AIR SCRUBBER/BLOWER ROOM

(® (EXIST) PIPE TRENCH

(@) (EXIST) AIR SCRUBBER — PROTECT IN PLACE

(® (EXIST) FERROUS SULFATE TANK — PROTECT IN PLACE

(® (EXIST) CONTROL PANEL — REMOVE EXIST FILTER
/0 AND PROTECT IN PLACE

@) MF SYSTEM MCC

(® RO SYSTEM MCC (FUTURE)

(9 AIR COMPRESSOR NO.1

{9 AIR COMPRESSOR NO.2

() AIR RECEIVER

@2 CITRIC ACID PIPE

(3 SODIUM HYDROXIDE PIPE

@9 CITRIC ACID TOTE

(9 CITRIC ACID FEED PUMP NO.1

(9 CITRIC ACID FEED PUMP NO.2

(7 SODIUM HYDROXIDE TOTE

(19 SODIUM HYDROXIDE FEED PUMP NO.1

(9 SODIUM HYDROXIDE FEED PUMP NO.2

@3 EMERGENCY EYEWASH/SHOWER

@9RO FEED PUMP NO.1 (FUTURE)

@)RO FEED PUMP NO.2 (FUTURE)

@9RO TRAIN NO.1 (FUTURE)

@9RO TRAIN NO.2 (FUTURE)

GIRO SYSTEM CONTROL PANEL (FUTURE)
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® NOTES:
(D) MF/UF FEED PUMP NO.1
A (®) MF /UF SKID NO.1 s
©

(7) MF /UF SKID NO.2
(8) MF /UF SKID NO.3
() MF /UF /RO CIP TANK
(9 MF /UF CEB/CIP PUMP NO.2
(18 MF /UF SYSTEM CONTROL PANEL
o (7)) SECONDARY EFFLUENT PIPE
(® MF /UF FEED PIPE
(19 STRAINER BACKWASH WASTE PIPE
¥ @0 MF /UF FILTRATE PIPE
@) MF /UF BACKWASH SUPPLY PIPE
@2 MF /UF BACKWASH WASTE PIPE
@3 MF /UF CEB/CIP PIPE
@9 MF /UF CEB/CIP RETURN PIPE
@9 MF /UF CEB/CIP RECIRCULATION PIPE
@9 MF /UF CEB/CIP WASTE PIPE
2 MF/UF /RO CIP TANK FILL
39 MF/UF /RO CIP TANK DRAIN & OVERFLOW
(36 COMBINED DRAIN TO SEWER
@3 CITRIC ACID PIPE
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SCADA SYSTEM. L:geAngeles‘ CA. 90014

Tel: 213-457-2200

CAROIROIRC

K
3
[}
[:4
w
i 2 3
g |52
2 &
g g
—
>
Z 50| &
EﬁD <z
Z0O
o =
zz49| 290
Qéo do
7 <
we | X
[aY=X&] o
g
£
%
"
3

REVISIONS

L———Fo————Fo————Fo————Fo————Fo————Fo————Fo————ro————Fo————Fo

NO.

- - —FO- - - —FO—

|————FO————F0—|

- — —F0- - — =FO—- - — —FO— — — AFOJ

b - = =FO- — — —FO— — — —FO

Y ///// FIBER OPTIC <>

PATCH PANEL

LI_---FO----FOJ“V

- - —FO- - - —-FO— — — —FO

B

O | FIBER OPTIC |
|_I—_| |

0 o——0 o—— W o——o

‘ 1
PATCH PANEL | | pooo
|

I
]

PS: POWER SUPPLY g

OO
Lom

CPU:  CENTRAL PROCESSING UNIT

|
|
|
EL ESTERO WWTP TERTIARY FILTRATION FACILITY
1&C
SYSTEM ARCHITECTURE

ECM:  ETHERNET COMMUNICATION ] Lo 11111 1_

THESE DOCUMENTS AND DESIGNS PROVIDED BY PROFESSIONAL SERVICE, INCORPORATED HEREIN, ARE THE PROPERTY OF CDM SMITH AND ARE NOT TO BE USED, IN WHOLE OR PART, FOR ANY OTHER PROJECT WITHOUT THE WRITTEN AUTHORIZATION OF CDM SMITH.

©2012 CDM SMITH ALL RIGHTS RESERVED.

REUSE OF DOCUMENTS:

MODULE

ETHERNET ADAPTER
MODULE

MEMBRANE FILTRATION CONTROL PANEL
MFCP

(BY VENDOR)

FUTURE
REVERSE OSMOSIS CONTROL PANEL
ROCP

(BY VENDOR)

PBW. NO.

BID NO. [SHT. DES.

[-02A

DWG. NO.




- el M S

Z

|
¥ |
..u;—:* £
“ |
L
. | 10-3
& *
= | :
~
=5 f“ﬂ"

FILTER SUPPLY
MODIFICATION

)




TYPICAL ALL THREE PUMPS TYPICAL BOTH STRAINERS

THESE DOCUMENTS AND DESIGNS PROVIDED BY PROFESSIONAL SERVICE, INCORPORATED HEREIN, ARE THE PROPERTY OF CDM SMITH AND ARE NOT TO BE USED, IN WHOLE OR PART, FOR ANY OTHER PROJECT WITHOUT THE WRITTEN AUTHORIZATION OF CDM SMITH.

©2012 CDM SMITH ALL RIGHTS RESERVED.

REUSE OF DOCUMENTS:

( ) ( g
8
o 0 1] =
o [\% 1%} 1%} o
E o = & W > P4
=2 g [ 3 g - T - ° 2 502 &
a w par] o T T T aQ
S 4 3 5 2 £ gz @ sk 3 5 d oHS I
[ %] 2] ['4 < [ 1%} I I Ira [i'4 < o Suwic o
MFCP . . - - - - - - : : : : : : 523 West Sixth Street
Suite 400
PLC (MF/UF VENDOR SUPPLIED) | | | | | | | | H H H H H 1 Lot Angeles. GA 0014
T T T T T v Tel: 213-457-2200
. . . . . . . . l l l l l l
L. L. B I P EE [ | !

o

LCP

SR '

@HOA @BW TIMER g
N\ e 8
Y5
T A T l | 5 z
i l I I g & 2
| | € r s
| i c &
| —
@ | > m| Of E
| wolel <=z
ARV=XXX . | a gg
VAW, | ul =
®F RF | 6| Tw
o tan: | a<w| H o
SECONDARY EFFLUENT /./ 8"—SCE—XXX / 112"—SCE—XXX | 12"—FDW—XXX / g g 5 o
14"—SCE—XXX [~ 8"—SCE—XXX | E] D ! Automatic U ] T 1 |
1-03 1} { CV=XXX BFV-XXX BFV—XXX STRAINER | BFV—XXX 1 1 8
[=]
FROM SECONDARY CLARIFIERS BRV—XXX AS NO.2 | | 4
MF/UF FEED PUMP T [14071 STRXXXXX ] : g
No.1 T % I M
7401 PMPXXXX L@ FoS % | <
g |
m . -
T T I A"—SBW-XXX 1
__________ J | |
|
I
s 8"—SCE—XXX E] | g
8 SCE XXX | o CV-XXX BFV-XXX : g
BFV=XXX | 4
AS T
MF/UF FEED PUMP |
NO.2
T201PMPXXXX @ 120V @
cL2
[=}
> z
&
8"—SCE—XXX 14" —SCE—XXX 12" —SCE—XXX 12" FDW—XXX @ " FOW_PVC vMF UF_FEED WATER
L8 —SCE—. gl —SCE— 12 —SCE— [l —FDOW—XXX, 14" —FDW—XXX N8 —FDW—
8"—SCE—XXX At 1§ D— | ~rovero { & M B; 1-05
_D—|/( CV=XXX BFV—XXX BFV-XXX STRAINER BFV-XXX TO MF/UF SKID NO.1
BFV-XXX x5 . NO.1 . @
MF/UF FEED PUMP % [T40 TSTRXXXXX ] |
NO.3 3 x : o row_pye <ME/UF FEED WATER
[ 1401PMPXXXX ]| FC _ FDW~—
1401PMPXXXX g L 0 ; | . 1—05
é B 4" SBW—XXX : TO MF/UF SKID NO.2
% @t
0
@ & FDW-PVC MF/UF _FEED WATER
—FDW—PV
% B 1-05
E
3 TO MF/UF SKID NO.3
a

DRAIN

SODIUM_HYPOCHLORITE 3/4”" (3")—SHC—PVC(PVC)
{ )
1-13 [/} (1]
FROM SHC SYSTEM

EL ESTERO WWTP TERTIARY FILTRATION FACILITY
MF/UF SYSTEM
FEED PUMPS AND AUTOMATIC STRAINERS




h - ————— 3Lvd @GN9KS TYNIDO NOISIa SNOISIAZY q
olwd B 3 ava ¥IINONT AL | AYVYNIINITIYEd O_v—w |—<O_&>I_l ' m !
MI 7 5§ g & % gl s
X Fre 1 0y Py
28 . NILSAS 4n/4N |58
228: «amossav |80 NMVAQ ‘o .
cs g§a382 7T N9ISI0 | momal ova o ALITIOVA NOILVYHLTId AYVILE3IL dLMM Od31S3 13 @ &
z
<
= %) 14
o = =
Mg oo F g F
B - s
3 O |u Jar g & 2y o
1R S g gl Lm 2
5 e s B 8 [ g P
BN BN 8P EINE
o (8] o
g % w_--m € g
AN AN g T
[ A b T
EN W] = . S
2 1 meuu

> BFV=XXX
BFV—XXX

XX-N\48 XXX-A48

RE—ﬁXX X

3S010/N3d0

|
!
i
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
lA
|
|
|
|
|
|
|
|
Jd

a3so <p———-— 7II - |
@INIdo <p———-— _ -
35070/N3do [>———— - __

INSSIYd AUV r——F————————— XXX-AJg 7

~

ALQIBYNL 3LV ——F————— = = =
XXX=AN S
A XXX—A48 XXX—-A48
3S010/N3d0 [>=—— — A xon 3naom A —H

azson <} U)\r% L
~

aanado < |, = xx“z_m_l o % |

o’

hYY

XXX—AN S
XXX—A48 XXX—Ad8

L o} w)\% A zon 3naon A _\Tﬂn —H

XXX-A48

| ~ |

XXX—AN - 7

XXX—-A4g XXX—A48
e e L RCEEN SN B

<]
T
{
mod -_— 7 —_ II|®|T.>

NSsud G-—— " _

140 TMFXXXXX

1"—CA-SS
3/8"—1A-POL’

NIV G ————— - - - - - _ _

JINSSIYd 0331 ————— - - - - - _ _

CV=XXX

3S019/N3d0 [>——— - - - —————————e -
@350 <p————————— +4=== - - - |

@INdo <p————-— - - -

12
! Fx
]
1
BFV=XXX

@

35019/N3d0 [>-—— - 9

azso <}~
aanado <

(X0

SET @ 30 PSI
PRV=XXX

3S070/N3d0 [>——— - - _ _ —_ .
a3s010 <p————--— R - _ —_ _ _
@INdo <p————— - - - - - —

TO VALVE |
CONTROL
X<
)
%

3S010/N3d0 [>———1— - - - - - —_
@350 <fr——t—————— I 4- —_ _ —— _ _ .
@INIdo <pr—m—t—————— . 4- _ —_ _ _ _ - |
ANYNNOD NOILSOd Pp———g——— - - - - - —_ _ _
NOLLISOd IAWA -—————— - —4- - - - —+= - P

XXX-A48

g g

XXX-A48

XXX

BFV-XXX

8"—BWS—PVC ‘
Vs
L

2"-CA-PVC

I

w

< i

S
) e A Z &
5 2 o B P
e a 1 > L @
5 </ \» aNZ o
7] % | [ < 4 = »
x ES 2 < ol < [ a
S N M = o 14 a o 2
=] | z | =)
& al |2 3l _|& ol |4 o | |2
4 ol < |m s n Ol < |n < |E O <
> S| © w el & W < al Sla
5 M s IE o g al 75 g °ls
=} o 1 [ jrl < RS _&I_m RS
o a7 g s} 2 |18 e = — |
L < 03 > 3 8 o “ < [ s}
a. g |z S|z N 2 |3 S B
£3 INE AR g A2 NN PN
sa ol [ = [ < [t = [ o s

"HLNS QD 40 NOILVZIYOHLNY N3LLIIM FHL LNOHLIM LO3rO¥d ¥3IHIO ANY ¥04 ‘ldvd ¥0 FTIOHM NI ‘G3SN 38 OL LON 3¥V ANV HLAS WAD 4O ALY3dO¥d 3JHL 33V ‘NIFY¥3IH J3LVHOJHYOONI “IOIAYIS TYNOISSIH0dd A9 Q3AINO¥d SNIISIA ANV SINIWNO0d 3IS3IHL SINIWNO0A 40 3SN3Y
"A3AY3S3Y SLHOI TV HLINS WaD 210z @



TYPICAL BOTH PUMPS

r 1
a T
- = G
g 2 Jar} ¢ %ég
586 & 3z £ 3 & Rk
7 » 4 < b I saw

523 West Sixth Street
Suite 400
Los Angeles, CA. 90014

——> OPENED
——-> cLosep

MFCP
PLC (MF/UF VENDOR SUPPLIED)

+———P LEVEL

THESE DOCUMENTS AND DESIGNS PROVIDED BY PROFESSIONAL SERVICE, INCORPORATED HEREIN, ARE THE PROPERTY OF CDM SMITH AND ARE NOT TO BE USED, IN WHOLE OR PART, FOR ANY OTHER PROJECT WITHOUT THE WRITTEN AUTHORIZATION OF CDM SMITH.

©2012 CDM SMITH ALL RIGHTS RESERVED.

REUSE OF DOCUMENTS:

Tel: 213-457-2200

——— > HicH HiGH
LEVEL

—— > LoW Low
LEVEL

T—o-—[> HIGH PRESS
-

—0-+——]| START/STOP

—o-

————+———] OPEN/CLOSE

| K
VFD HOA 3
(. (s Y s ¢ 8
1 | | FAIL /a0 g %
Lo T | . |28
! ! e @z
| = z r s
| | % s B
| I T
RO PERMEATE OVERFLOW >
” | e — — 4 | ) BACKWASH SUPPLY Jaolo|| &
d
FROM RO FLUSH TANK ! Lo | | TO MF/UF SKID NO.1 ol £9
| [ —
I [ I I Fzx| Sw
] | 1 | b é ;.I & a
ARV-XXX =120l [ i BACKWASH SUPPLY a55| o
! : | —120V 8"—BWS—PVC —05 8
I _
[ TO MF/UF SKID NO.2 2
%
12”—FLT-XXX >
— B
, | R BACKWASH SUPPLY &
e 8"—BWS—PVC " 8"—BWS—PVC —05
MF /UF_FILTRATE 8"—FLT-PVC y —
8”—FLT—PVC q — CV—XXX BFV-XXX TO MF/UF SKID NO.3
1-05 N BFV—XXX
FROM MF/UF SKID NO.1 AS Y
—— o MF/UFN%\.N1 PUMP .
[ 1401PMPXXXX | g
MF /UF_FILTRATE & FLT_PVG 1401 PMPXXXX :
—FLT—PV!
1-05 ( T g
FROM MF/UF SKID NO.2
MF /UF_FILTRATE N N R i i 8"—BWS—PVC
—os 8"—FLT—PVC E:‘ 12"—FLT—XXX = & HAH o P g i gofrpve | g'orT-pve | VXK BFY_XXX -
FROM MF/UF SKID NO.2 J_ BFV—XXX HAA— o — BFV=XXX o g
MF/UF_FILTRATE_TANK BFV-XXX MF/UF BW PUMP
NO.2
[ 1201PMPXXXX___]

TERTIARY EFFLUENT
1-09
‘ TO CCB

12"—TE—XXX

MF/UF_FILTRATE
e e (FUTURE)
TO RO FEED PUMPS

10" —FLT—XXX

EL ESTERO WWTP TERTIARY FILTRATION FACILITY
MF/UF SYSTEM
FILTRATE TANK AND BACKWASH PUMPS




h < T 3lva d3N9IS TVNIDINO Zo_mmn_ SNOISIATY m _
M.F. 1 i ava vona A0 | S NOILVOIdIAON HIONHYIS3aH N
=E| M s IOVHOLS R 900 | I B
O =33 o o ALITIOVA NOILVHLTIA AMVILEAL dIMM O¥31ST 13 8 ¢

oo™ T

SO0

L
o
| J‘m —
_ - ) ] ]
- - ¥ o & |
L= v i | -
- L )
_ .
| ] I
7 L)
T ﬁ e -_J
| l
ot ] B
__ &
i ! O

TERTIARY EFFLUENT

_ |
ol |
® i

"HLNS QD 40 NOILVZIYOHLNY N3LLIIM FHL LNOHLIM LO3rO¥d ¥3IHIO ANY ¥04 ‘ldvd ¥0 FTIOHM NI ‘G3SN 38 OL LON 3¥V ANV HLAS WAD 4O ALY3dO¥d 3JHL 33V ‘NIFY¥3IH J3LVHOJHYOONI “IOIAYIS TYNOISSIH0dd A9 Q3AINO¥d SNIISIA ANV SINIWNO0d 3IS3IHL SINIWNO0A 40 3SN3Y
"A3AY3S3Y SLHOI TV HLINS WaD 210z @




TYPICAL BOTH TANKS TYPICAL BOTH PUMPS

_D LOW LOW
LEVEL

> HIGH HIGH

LEVEL
D HIGH
TEMPERATURE

THESE DOCUMENTS AND DESIGNS PROVIDED BY PROFESSIONAL SERVICE, INCORPORATED HEREIN, ARE THE PROPERTY OF CDM SMITH AND ARE NOT TO BE USED, IN WHOLE OR PART, FOR ANY OTHER PROJECT WITHOUT THE WRITTEN AUTHORIZATION OF CDM SMITH.

©2012 CDM SMITH ALL RIGHTS RESERVED.

REUSE OF DOCUMENTS:

—o-+———> FAULT
—o+——] START/STOP
HIGH
—o—> TEuperaTURE
? o HIGH
—> Pressure
- P FLow

2 g
& 8
a p}
S o
[
[
[
[
[
T

|

|

|

|

b ————— <] OPEN/CLOSE

@ °
> z =
e z 2
|
MFCP | 523 West Sixh Seet
PLC (MF/UF VENDOR SUPPLIED) | S 00 e 00
T T Tel: 213-457-2200
i KA i
RO PERMEATE | O O
> e B
FROM RO FLUSH PUMPS : !
| : > |
ARV=XXX : |
MF /UF FILTRATE ) 1
—05 4"—FLT—PVC 4"—FLT-PVC i
_ | | K
| <
FROM MF/UF SKID NO.3 ARVX0X i : | 3
MF/UF_FILTRATE _ 4 e g
4"—FLT=PVC 8"_CIPR_PVC g
1-05 =120 I 8 g 7
FROM MF/UF SKID NO.2 T T | g E g
MF/UF_FILTRATE PFLT_PVC 3/4” (3")—SHC—PVC(PVC) | | g c &
" _FLT—PV S S ( )
S > e ) o | /a0 >
FROM WF/UF SKID NO.1 XK ! o g =
- T, XXX S0l <=
14T &"—CIPR—PVC Z0
CIP_RETURN 6" CIPR_PVG BFV-XXX I . é s 2
1—-05 | o é O d a
n<w| W
FROM MF/UF SKID NO.3 v we | £
CIP_RETURN i - g
6"—CIPR—PVC 12" OF 3
1-05 7 g
FROM MF/UF SKID NO.2 | %
CIP_RETURN N 1 : e
1—05 6"—CIPR—PVC % Dg- % | e
FROM MF/UF SKID NO.1 e |l & @
alg e 2
(&) (8]
SODIUM _HYPOCHLORITE 3/4" (3")=SHC—PVC(PVC) NN "
A I S 6"—CIP—PVC
I-13 5 4 o i Vo —
— U v — & HAH BFV-XXX o pE=CpoPv | "
FROM SHC SYSTEM BRV-XXX "—CIP=PVC | F
\/ MF/UF_CEB TANK —— CV—XXX BFV-XXX 2
1401 XXXXXXXX BFV=XXX é
MF/UF CEB/CIP
PUMP NO.1
[72071PMPXXXX ]
. | CIP_SOLUTION
ARV=XXX | 6—CIP—PVC
CIP RETURN XX +£ 1-05
6"—CIPR-PVC — | ¥} 4 ZFLT_PVC T T T AN TO MF/UF SKID NO.1 g
(FUTURE) | | | | T& —120v
BFV-XXX | | | 1
FROM RO CIP PUMP ARV=XXX | | | | 6—CIP—PVC CIP_SOLUTION i
CIP RETURN XX - : | | | 1-05 5
(FUTURE) 6"~CIPR-PVC = | ¥ 6"—CIPR—PVC | : : | > TO MF/UF SKID NO.2 o
BFV-XXX | CIP_SOLUTION <
FROM RO TRAIN NO.1 ARV-XXX 1| | |_6"=CIP—PVC | | _6—CIP—PVC | 6-CIP—PVC L
CIP_RETURN XX | | | 6"—CIP—PVC I 1 | 1-05 = E
(FUTORD) 6”_CIPR—PVC " R | | 6”—CIPR—PVC 1 | | f———{ CV-XXX BFV-XXX BFV-XXX BFV—XXX TO MF/UF SKID NO.3 e} E
= 120 - 1| | BFV-XXX E
FROM RO TRAIN NO.2 BV | : : 1 x E LIJ L
CITRIC_ACID 3/4” (3")-CIT—PVC(PVC 3/4" (3")—-CIT-PVC(PVC MF/UF CEB/CIP S 14 I—
JEdcy! (Pve) 1 Ecy (Pve) AR LU CEB/C w3 o —
- —120 -
I=14A T ) = ) ) TZ0TPMPXXX = =) W
FROM CIT SYSTEM T T | T >
SODIUM_HYDROXIDE 3/4" (37)-CS—PVC(PVC) 3/4” (3")—CS—PVC(PVC) | | | E > 7))
{ ) e { )
1-15A (1) 0 T w U 0 LsLL = (D o
FROM CS SYSTEM '?' XXX > L
Vo 6"—CIPR—PVC L L|_ ( )
BFV-XXX - D Al
A I E= m
v < ' = L
< L
= @)
12" OF - E
/
9 i
a
J =
5 2
O
: =H®) s
% 6"—CIP—PVC L
o BFV=XXX CIP SOLUTION -
— i~ HA T
\/ - MF/UF_CIP_TANK BFV-XXX TO RO CIP PUMP - -
1401 XXXXXXXX BID NO. SHT. DES.|
6"—CIPR—PVC L;,lo,ﬁ‘
SHT. -~ oF -




TYPICAL BOTH COMPRESSORS

RUN
FAULT
AUTO

— - PRESSURE

523 West Sixth Street
Suite 400
Los Angeles, CA. 90014

———« POSITION COMMAND

MFCP
PLC (MF/UF VENDOR SUPPLIED)

——<] sTART/STOP
——-Pp rlow

THESE DOCUMENTS AND DESIGNS PROVIDED BY PROFESSIONAL SERVICE, INCORPORATED HEREIN, ARE THE PROPERTY OF CDM SMITH AND ARE NOT TO BE USED, IN WHOLE OR PART, FOR ANY OTHER PROJECT WITHOUT THE WRITTEN AUTHORIZATION OF CDM SMITH.

©2012 CDM SMITH ALL RIGHTS RESERVED.

REUSE OF DOCUMENTS:

Tel: 213-457-2200

——|——=- VALVE POSITION

) K
| 3
| | | 2
[:4
' ! g
! e @z
13 r e
i c &
| >
slolo|| &
| | ol <=z
> | ! ol 29
| zz4| 20
' ' ! g% &
| ooo| o
z g
FAIL HOA ss 00 | 2
SECICES | .
| | K
| | | | a
T ! !
|
| F-cass AR SCOUR AR
BV—XXX BV—XXX BV—XXX e @ 0-1%0 Psi 1O MP/LF SKID NG @
100 DG
REFRIGERATED
COALESCING FILTER COALESCING FILTER > &
AIR COMPRESSOR AR COMPRESSOR AIR DRYER 1 MICRON 0.01 MICRON SET ® 40 Ps Ve TO MF/UF SKID NO.2
X
[[F0T0xxxX]  [TA0TXXXXXXXX] R - Jas] | 3-coss AR SCOUR AR
TSN o s
BV-XXX BV—XXX BV—XXX BV—XXX BV—XXX BV-XXX PRV=XXX BFV-XXX  CV-XXX 5 WF/UF SKID NO3
T ' s
AR COMPRESSOR . CONTROL AR bl
RECEIVER TANK 2"-CA-SS -
TAOTXXXXXXXX 1-05 >
TO MF/UF SKID NO.1 =
= =
y—cass < CONTROL AR 5 m
<
SET @ 80 PSI TO MF/UF SKID NO.2 = E (|7)
X
X
2"-CA-SS T~ 2"_CA-SS 2"_CASS CONTROL AR o] >_
1-05 ';: LIJ )
PRV-XXX TO MF/UF SKID NO.3 2 p—
B 0
= N
[T 2
x>
<) 0O
CONTROL AR = L
"—CA-SS ne
fu o
SET @ 80 PSI TO RO TRAIN NO.2 = ) (D
o
i X i CONTROL AR E << L
2"-CA-SS 2"-CA-SS _CA-SS =
Ly S NN o NN 2. W v S
PRV-XXX TO RO TRAN NO.2 o
O
4 =
L
= O
0 @)
L
—
L




o= ————— 31va GNO5S TNBINO NOIS3a SNOISIAZS O q
3 a 1
ollwd | 3 ava ¥IINONT AL | AYVYNIINITIYEd MI—I_ZOJI O&>—|— _\‘D_Oow ) ' .
MI 2 5§ gl ol s
RN [— ~ s
345 R IWNJLSAS TVOINIHO R
ov Sisd amonsay | 83 NMTHD ALIIOVA NOILYHLTIA AMVILYIL dIMM O¥ILST 13 '8
Sa3° @ =
Bae X3 NOIS3A[gmouaav| mva ‘ON 3
=
z N
S E =
['q @ z
o L o <2
I < I
o| o | S| © |m
ol T |% S| 7|4
ol — 'R o
> a > —
T Z I i
= S = >
N N
BN B/Ne
(8] (8]
g g
Q Q
§ §
Q Q
I I
i i
In In
N N
. .
g g
N N
L) L)
> = > =
j&] (&) (&) (&)
& & g &
(o} je] o je]
I I I I
w x w x 2] x w x
SR S SR vl
“mw_ “mw_ “mw_ “mw_
> T3 K w13 w3
(=2 (=2 =2 (=2
XXX—=NJ XXX—=Ad XXX—=Ad XXX=Ad
—><H
3YNSSId
30uvHosIa <}——
HOIH r —
“
FUNSS3™d -
Noions <0 “ @)=
MO .
dN3L m "
vor < © @"
|
) |
a dOl1S © o o (&)
= /s o g & z & g & g &
2 [ E] w [ _.||r_ w [ = L [ _.n.._ w
< [8) o) 1= (&) e 1= [9) o) = [} o E
5 < - & PW S5 & o E S [= & PW &2 [ 5 o E &3
e | | | |
3 — X s 22X X sz a3g X g s 221K J sz ag X
= nnvs <p——0—0 mv % 28 5. B pS 28 -2 s 28 5. % ¥ 28 o2
- I ok |a ~ ok o ~ oL |a ~ oL |a
I \ ) [ S ~ == ~ 2=z ~ = 5
3 [ - b 2l Iz & 2 5
nWr g ! \ - —-—=3) sal3 == 3) sol i A &) sald s 3) =03
| ol M e e e B S e
||||| a —_——— o —_——— oy —_——— o
! g 3 g 8
|
NNy <p—0— o |
> 1
1 XXX—AQ XXX—AQ XXX—AQ XXX—AQ
a33ds ——to—3 ! [ [ [ [
1 XXX—AQ
[ E,
AINIOdL3S ' o
Q33ds
XXX—Ad XXX—Ad XXX—Ad XXX—Ad
< < < <
mWV_A WWV_A z mWV_A zZ mwv_A 3
z
> o = <) = <] = <]
a =] a a 13 a
g 25 H 25 g o5 ] oF
o E3n & =4 =3
I HhZ | GZ~ I HZ | BZ
o tsg o ¢ o LS o g
» Z3E ] Z9& » Z3E& ] Z3E
: : : :
) NR D) ) A )
[ K¢ 4—’ ¢
ARl A
(&) (8]
& &
jel Q
I I
" 2
n_ n_
o
&
Q
> (@)
I
& w 3
g Y g
7 3 £
= " z
— w
0 2
S S 3
| ~ w
S| o2 —~
2 Zz |8 ) m
3| =[S Zl Z|o5
o v |7 =
g =l Bl2”
L € 52
= » el =
= = E—
PN g 1S
n [

PLC (MF/UF VENDOR SUPPLIED)

MFCP

"HLNS QD 40 NOILVZIYOHLNY N3LLIIM FHL LNOHLIM LO3rO¥d ¥3IHIO ANY ¥04 ‘ldvd ¥0 FTIOHM NI ‘G3SN 38 OL LON 3¥V ANV HLAS WAD 4O ALY3dO¥d 3JHL 33V ‘NIFY¥3IH J3LVHOJHYOONI “IOIAYIS TYNOISSIH0dd A9 Q3AINO¥d SNIISIA ANV SINIWNO0d 3IS3IHL SINIWNO0A 40 3SN3Y
"A3AY3S3Y SLHOI TV HLINS WaD 210z @




o= s ———— 3Lva QN9 TVNBRO NOIS3a SNOISINZY D_O< O_mn_u_o _ 4 .
b | S 3lva ¥3INONI ALD | AMYNIAITINEA . [~ .
= |6 <8 Q G| <Cg| w
1 g e s
X g 1 3 4
Dm 153! 30 d303HD _\/_m|_|m>w I_<O__>_m _I_o ] ] I
<N —a~ 1
2fes amonday | 80 NMVHd Z .
cs 8342 T NOISIA| e e - ALITIOVA NOILVELTIH AYVILEIL dLMM OH3LS3 13 a £
<
S| ©
=i
wn| —
¢
%]
o
(8]
e
—
)
g
o
g
=
(&}
N
()
5
N
o)
=
!
(&) o
: ¢
S
e e
R < R o4
TR TR
T3 »rE
o o
XXX—A8 XXX—A8
_
I¥NSSHId
394VHOSIA A_||0|A—.
HOIH r
“
JNSSRIY o .
NOILONS ] “ { RN
Mol
dWaL 3 "
von < =3 e“ .,W_u :Mm_
“
v
9 dois o ©
= /s P——T0= @' : g g &
a | | pu}
= o = [}
z g =~ 9 L e el = 22 a2
2 oz = oz
@ 11nvd <p———0— @' I % 28 S X 28 oL %
2 1Y 17 osfE ” o3fe
o 22 | IS [
2 o oo
& N I A E-l8 ———— = 1)
= oy <p——o—o & 1 | 2 cm o 2) S
DT OT T Tt
|
Ny <p—to0—h g |
[
|
aa3ds ——0— “
|
[
INIOdL3S
03es P
XXX—Ag XXX—AG
\MMAIJ \Wﬁj
Mw z X3 3
ol 4 oF ol 4 oY=
=3 Z9 S| & Z0
3 29 g -
zY . Y
= 3Z4¢ = SZ¢
5 28¢ S £3E
T kS
N N
M | L)
!
‘ QK¢ « __
)| T L
(&)
z
<
g
Q
% >
S &
" =
(&)
|
R
x
x
0
&
=]
o
sk
AEX
C 06l%
x ZIX
Exf2
] i <
x
<
=
I o :
z
<
] z
] [
&
VI VI A
INFNNIVINOD 1
|
“
-
a
a
2
@ ]
m ]
o
z 8
w
>
[
2
o
Z
o
oo
Ltz

"HLNS QD 40 NOILVZIYOHLNY N3LLIIM FHL LNOHLIM LO3rO¥d ¥3IHIO ANY ¥04 ‘ldvd ¥0 FTIOHM NI ‘G3SN 38 OL LON 3¥V ANV HLAS WAD 4O ALY3dO¥d 3JHL 33V ‘NIFY¥3IH J3LVHOJHYOONI “IOIAYIS TYNOISSIH0dd A9 Q3AINO¥d SNIISIA ANV SINIWNO0d 3IS3IHL SINIWNO0A 40 3SN3Y
"A3AY3S3Y SLHOI TV HLINS WaD 210z @




523 West Sixth Street

Suite 400

hith

Los Angeles, CA. 90014
Tel: 213-457-2200

TYPICAL BOTH PUMPS

JANSS3dd
394VHISIA
HOIH

34NSS3dd
NOILONS
MOT

dW3L
HOIH

dOLS
VAN

1nv4

olny

NNy

Q33ds

ANIOdL3S
Q33ds

RELEIR

AV VY
AINJANIVINOOD

MFCP

I O |

i

i

3

3va

3LYQ G3N9IS TVNIDINO
YIINIONI ALID

‘@3A0¥ddY

L D

i

HOA
@ &9 @

VFD

Fm———f——————-

SNOISIATY [A]
AAIXOYAAH INNIAOS ERE
] I -1 I
o apoiro INJLSAS IVOINIHO |4 4=¢ .
m»w H\%_MMM Souav| ava o ALITIOVA NOILVYHLTId AYVILE3IL dLMM Od31S3 13 8 w
EPE
T W
sl R
3 |5
ANR
g J—
g
&
g
g
3
PR
W
Le)
=
{
g g
% % %“ b3
TR TEX
YA YA
o o
(=
XXX—AG XXX—A8

Q x
>
& E
“ o
le" § WW -
IS 28
|
\ Lt (=)
\
| VN S

FEED PUMP NO.1
1403PMPXXXX

3/4"—CS—PVC

BV—XX

SODIUM HYDROXIDE

XXX—A9

-}

CONNECTION

FLUSHING
(TvP)

3/4"-CS—PVC

T T
T
[
[
|
@0 PUMP
CONTROLLER

11

\w
X
I

FEED PUMP NO.2
1403PMPXXXX

SODIUM HYDROXIDE

XXX—AE

Dag
XXX é

3/4"-CS—PVC
BV—.
FLUSHING
CONNECTION

3/4"-CS—-PVC

1"-CS—PVC

PLC (MF/UF VENDOR SUPPLIED)

BV—-XXX

SODIUM HYDROXIDE
STORAGE TOTE
1403 XXXXXXXX

(TYP)

!

CONTAINMENT AREA

uuu!@‘

"HLANS QD 40 NOILVZIMOHLNY N3LLIIM JHL LNOHLIM LO3rO¥d ¥3IHIO ANV ¥04 ‘lyvd ¥0 JFTIOHM NI ‘03SN 38 OL LON 3dV ANV HLINS WJD 40 AL¥3IdO¥d JHL 3dV ‘NIF¥IH J3LVHOJHYOONI ‘IOIAYIS TVNOISSIJ0dd A9 G3AINO¥d SNOISIA ANV SINIAND0A 3ISIHL
"A3AY3S3Y SLHOI TV HLINS WaD 210z @

‘SINJANNO0A 40 3IsSN3Y




k. oo
e
Street

523 West Sixth
Suite 400

NS

[a)
zz49| 290
55| 4
B<w
() I

i ooy ey, G i " H
;' "" IIZ/////,{),/// // Z AR _'_ : ’
iy

A

\\

o

< L, a4
/ % /7
.55

== ]

DEMOLITION

RO WWTP TERTIARY FILTRATION FACILITY
FILTRATION




| ; o
' , b ‘{I I / Ry A

. // /' /ﬁ . 2 / g

%/ 7% ,IA &%) 77, % e /%Wl i
// v, 7 Y A=
*/ h 7 " % /,/) E m

v . ae
s i o







Appendix B

Assessment Memos



Appendix B e Assessment Memos

This page intentionally left blank.

ith



Appendix B e Assessment Memos

Appendix B-1: AM No.1 Introduction & Project Background

Oln

oooooooooooo



Appendix B e Assessment Memos

This page intentionally left blank.

ith



Snith

Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Marie Burbano, CDM Smith
Greg Wetterau, CDM Smith

Date: June 4, 2012

Subject:  Assessment Memorandum (AM) No. 1 — Introduction and Project Overview

Introduction

The City of Santa Barbara (City) has been providing, protecting, and preserving groundwater,
drinking water and recycled water for its community for over 150 years. The City has been a
leader in water system planning and use of recycled water. Committed to protecting the
environment and public health and safety, the City now seeks to sustainably and reliably improve
treatment at their El Estero Wastewater Treatment Plant (El Estero).

El Estero is an 11 mgd wastewater treatment plant that was initially constructed in 1951; the
plant has primary sedimentation, secondary processing, tertiary filtration, and disinfection. As
part of El Estero, the City produces Title 22 recycled water for 60 to 80 users, according to the
2009 Recycled Water Expansion Assessment. The City is committed to providing recycled water
to system users who depend on the reliability of the recycled water system.

Recently, the water produced by the tertiary filters has not been able to reliably meet the
required turbidity limit of <2 NTU (nephelometric turbidity units). The influent wastewater is
also relatively high in total dissolved solids (TDS). As a result, the City currently blends with
potable water to decrease turbidity and TDS in the recycled water. A planned improvement to the
secondary treatment system will likely improve secondary effluent turbidity, making the
secondary effluent more amenable to filtration. However, the aging infrastructure of the filters
may still require rehabilitation, retrofit or possibly replacement. When planning filtration
improvements, the issue of reducing TDS and chloride levels should also be considered, as TDS
varies greatly between the potable water system (averaging 574 mg/L) and the wastewater
treatment plant effluent (1350 mg/L TDS). This increase of more than 700 mg/L TDS is likely a
combination of water softeners and seawater or groundwater infiltration.

In 2012, the City embarked on a project to provide assessment and pre-design services related to
upgrading the existing tertiary filtration system.
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Project Overview

This project is divided into three tasks. Task I - Assessment includes the assessment activities
and memoranda to determine the path forward for pre-design. Task II - Filtration Pre-Design
provides technical memoranda and a pre-design report (PDR) for the selected filtration
alternative. Task Il - Demineralization Pre-Design provides technical memoranda and a pre-
design report (PDR) for the selected demineralization alternative. The following is a list of the
assessment memoranda (AMs) provided as part of Task I.

= AM No. 1. Introduction & Project Background

= AM No. 2. Recycled Water System Study

=AM No. 3. Filtration Alternatives

=AM No. 4. Demineralization Alternatives

=AM No. 5. Investigation of TDS Sources

= AM No. 6. Recycled Water System Hydraulic Analysis

The technical memoranda and components of the PDRs for Tasks Il and III will be described in
Technical Memorandum No. 1 for each task.

Reference Documents

In preparation for the assessment memoranda, technical memoranda, and pre-design report
(PDR), CDM Smith reviewed numerous document and as-built information received from plant
staff. This section lists and describes those documents received.

Reports, Studies, and Data

The following is a list of reports, studies, and data received and reviewed.

1. City of Santa Barbara Water Conservation Technical Analysis (Maddaus Water
Management, F, 1961, 10_TechnicalMemorandum_FINAL_10-20-2010x.pdf) - Evaluates
water conservation programs and estimates associated cost savings.

2. Operation Manual for Santa Barbara Water Reclamation System (1989, 11_Recl-O&M-
ElesteroWWTP1989.pdf) - Describes equipment operation for plant reclamation system
including startup/shutdown procedures and includes facility layout drawings and P&IDs.

3. City of Santa Barbara Reclaimed Water System Distribution Map (Carollo Engineers,
13_EEWTP-Schematic-of-Recycled-Water-System.pdf) - Schematic of distribution piping
that includes facility and hydraulic/flow information, also includes recommendations for
upgrades and expansion.
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10.

11.

12.

13.

14.

15.

City of Santa Barbara Long Term Water Supply Plan (City of Santa Barbara, 2011,
14_Long_Term_Water_Supply_Plan.CityofSB.2011.Final.pdf) - Discusses existing and
future water sources for the City.

Reclamation System Demand Projections
(14_System_Demand_Projections.LTWSP.Figure_8.pdf) - Chart showing demand
projections through 2030.

Water Supply Planning Study (Carollo Engineers, 2009,
14_Water_Supply_Planning_Study.Final.Carollo_Engrs.August_2009.pdf) - Describes
historical, current and predicted conditions of City’s water supply sources.

Cater Treatment Plant 2011 Annual Water Quality Summary (2_Cater Raw - 2011.pdf) -
Lists influent water quality concentrations for typical parameters such as pH, nitrogen,
TDS, turbidity and coliforms. Lists approximately 40 parameters.

Cater Treatment Plant 2011 Annual Water Quality Summary (2_Cater Tap - 2011.pdf) -
Same as Item No. 7 but for treated effluent.

Industrial User Forms (3_Appendix-A_%202011_Industrial_Users.pdf) - Provides
discharge water quality data (mostly metals) for eight industrial users.

El Estero 2011 Monthly Water Quality Data Tables (3_ElEstero-Influent_Data_2011.pdf) -
Monthly water quality and constituent removal data for plant influent, primary clarifier
effluent, plant effluent and reclaim water discharge.

El Estero 2012 Monthly Water Quality Data Tables (3_ElEstero-Influent_Data_Jan-
Feb_2012.pdf) Same as Item No. 10 but for the first two months of 2012 only.

CCTV Test Reports (National Plant Services Inc, 2011, 4_CCTV Results - 100 E Cabrillo
Blvd.pdf) - CCTV test reports for sewer pipelines along one street in the City’s service
area showing pipeline defects.

City Collection System Map (5_Collection-System-within-2500-ft-of-ocean.pdf) — GIS map
displaying collection system infrastructure within 2,500 feet of Pacific Ocean.

City Drinking Water Infrastructure Map (6_DW-Water_Facilities_Map_April-
2011_SBAR%?20City.pdf) - Map showing the following facility locations: water sources,
pressure zones, transmission mains, storage facilities, pressure reducing stations, and
sampling locations.

Instructions for obtaining ground water quality
(6_FW_http_waterdata.usgs.gov_ca_nwis_dvstat_referred.pdf) - Email correspondence
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

indicating how to obtain USGS groundwater quality information near Santa Barbara
downtown.

Ground Water Quality 2010 Summary Data (6_Groundwater Annual Summary 2010.pdf)
- Lists concentrations of approximately 45 parameters grouped into four areas -
Alameda, San Roque, Los Robles, and Hope.

Hourly Conductivity/TDS/Flow Data(7_CONDUCTIVITY-MAY02 -THRU-MAY_2007.XLS) -
Data for approximately twelve days in April 2007. Location is unclear.

Influent TDS Data (7_Influent-TDS-Data2008.pdf) Handwritten TDS data for
approximately 6 days in May 2008.

Influent TDS Data (7_INFLUENT-TDS-STUDY-MAY2008.xls) - Data from Item No. 18 input
into an excel spreadsheet.

Salinity/Chloride/Sodium Data (7_Sal031203.xls) - Data for five samples collected in
2003.

EEWWTP BioWin Modeling Report (Brown and Caldwell, 2010, 8_Item-8-
BC_Predicted_WQ.pdf) - Includes model calibration and validation description and
results.

Customer Recycled Water 2011 Usage Spreadsheet (Copy of
2011.Monthly_Recycled_Water_Final.xIsx) - Lists individual customer recycled water
usage by month and includes a chart showing blend ratios of recycled/potable water.

EEWWTP Secondary Clarifier Effluent Annual Data Summaries (PFE2006.pdf) - Includes
monthly data for approximately 40 parameters. Data is provided in excel and pdf
documents for 2006 through 2011. Document names typical for each year.

EEWWTP Reclaim Distribution Water Annual Data Summaries (RECL2006.pdf) - Includes
monthly data for approximately 40 parameters. Data is provided in excel and pdf
documents for 2006 through 2011. Document names typical for each year.

Reclamation Quarterly Reports to Regional Water Quality Control Board (Reclamation
Qrtly Rpt_QRT 1 - CY 2011.pdf) - Reports for Quarters 1, 3 and 4 in 2011 that include
reclaim water and filter effluent information such as flow, turbidity, coliforms, solids,
chlorine application and permit violations. Document names typical for each quarter.

EEWWTP 1997 Master Reclamation Permit (Regional Water Quality Control Board, 1997,
sb city reclamation permit.pdf) - Includes water quality limits and monitoring
requirements, dated 1997. The following file is a repeat document:
shcityreclpermit9744_.pdf



Rebecca Bjork
June 4, 2012

Page 5

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

EEWWTP 1990 Master Reclamation Permit (Regional Water Quality Control Board, 1990,
sbcityreclpermit90103_.pdf) - Includes water quality limits and monitoring
requirements, dated 1990.

EEWWTP Tertiary Filter Memoranda (Carollo Engineers, 2009,
CarolloTertiaryFilterMemorandaCY2009.pdf) - Several reports describing existing filter
performance and optimization recommendations.

EEWWTP 2010 Ocean Discharge NPDES Permit (Regional Water Quality Control Board,
2010, 2010_0011_el_estero.pdf) Includes water quality limits and monitoring
requirements for ocean discharge.

EEWWTP 2010 Ocean Discharge NPDES Permit City Comments (City of Santa Barbara,
2010, att_2.pdf) - Lists City comments to [tem No. 29 NPDES permit.

EEWWTP 1999 Ocean Discharge NPDES Permit (Regional Water Quality Control Board,
1999, edc_att8.pdf) - Includes water quality limits and monitoring requirements for ocean
discharge.

City of Santa Barbara Water Quality Monitoring Program Report (City of Santa Barbara,
2006, FiveYearWaterQualityReportMarch2007.pdf) - Describes contaminants of concern,
sample locations and results from water quality testing.

EEWWTP Process Air and Activated Sludge Report (Brown and Caldwell, 2011,
104770_EEWWTP FINAL Report_9Sept2011_Compiled_Dbl Side Print.pdf) - Describes
testing and modeling efforts and recommends a solution to resolving variable
performance of secondary treatment system.

EEWWTP 2004 Ocean Discharge NPDES Permit Letter (Regional Water Quality Control
Board, 2004, item10_staff_rpt.pdf) - Includes water quality limits and monitoring
requirements for ocean discharge.

City of Santa Barbara Recycled Water Expansion Assessment (2009, Recycled Water
Expansion Assessment.pdf) - Describes existing recycled water infrastructure and
customers and potential expansion.

EEWWTP Tertiary Filter Rehab Report (Carollo Engineers, 2008, Tertiary Filter Rehab
Project. Final Report.Carollo.July 2008.pdf) - Describes alternatives for improving filter
performance including rehab of existing filters, micro-filtration and upflow sand filters.

Geotechnical Investigation Reclaimed Water Project (Stall, Gardner & Dunne, Inc./CH2ZM
Hill, 1987, Geotechnical Report for Tertiary.pdf) - Geotechnical report for the reclaimed
water expansion project.
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38. Pile Driving for Tertiary Technical Memorandum (Stall, Gardner & Dunne, Inc./CH2M Hill,
1988, Pile Driving for Tertiary.pdf) - Report of pile driving observations for the reclaimed
water expansion project.

As-Built Drawings

The following page provides a list of reports, studies, and data received and reviewed.
Additionally, the following as-builts are expected to be received shortly.



Santa Barbara El Estero WWTP Tertiary Filtration Facility Project

As-Built Drawings

Name of Project

Design Level

No. of
Dwgs

Designed By

File Name
Contract%201%20Plans%20for%20Preliminary%20Site%20Work%20and%20Foundation%20Preparation_%20Pages%201-12.pdf,

Santa Barbara Wastewater Treatment Plant - Contract | As-Built 24 Jun-1974 Engineering - Science, Inc. Contract%201%20Plans%20for%20Preliminary%20Site%20Work%20and%20Foundation%20Preparation_Pages%2013-24.pdf

Santa Barbara Wastewater Treatment Plant - Contract Ill Electrical As-Built 64 Jul-1974 Engineering - Science, Inc. Contract%20I11%20Electrical%20Drawings%20.pdf

Santa Barbara Wastewater Treatment Plant As-Built 4 3/15/1976 Buyco Engineering Services Schematic%20Diagrams%20and%20Panel%20Layouts%20(3_15_1976).pdf

Santa Barbara Wastewater Treatment Plant As-Built 4 6/7/1976 Buyco Engineering Services Control%20Building%20Plan%2C%20Control%20Panels%2C%20Electrical%20Power%20Plan%20(1997).pdf
Contract lll _ S-1-S19A.pdf
Contract%20111%20_%20S-21-547 .pdf

Santa Barbara Wastewater Treatment Plant - Contract Ill Structural As-Built 67 11/28/1977 Engineering - Science, Inc. Contract%20I11%20_%20S-48-5-70.pdf

Santa Barbara Wastewater Treatment Plant - Contract |ll Mechanical As-Built 65 2/21/1978 Engineering - Science, Inc. Contract Il Mechanical.pdf

Santa Barbara Wastewater Treatment Plant - Contract |1l General and Civil As-Built 29 8/10/1978 Engineering - Science, Inc. Contract%20I11%20General%20and%20Civil%20Drawings.pdf

Santa Barbara Wastewater Treatment Plant As-Built 18 2/23/1979 Buyco Engineering Services Control%20Panels%20(1996).pdf
Water%20Reclamation%20Project_Pages%201-44%20(Record%201989).pdf,

City of Santa Barbara Water Reclamation Project Treatment Systems As-Built 86 10/13/1989 CH2M Hill Water%20Reclamation%20Project_Pages%2045-88%20(Record%201989).pdf

City of Santa Barbara Plan & Profile Pipeline Corridor 1 2/26/1991 Pennfield & Smith Engineers Plan%20%26%20Profile%20Pipeline%20Corridor%20(2_26_1991).pdf

City of Santa Barbara Plan & Profile Pipeline Corridor 1 4/10/1991 Pennfield & Smith Engineers Plan%20%26%20Profile%20Pipeline%20Corridor%20(4_10_1991)%20.pdf

City of Santa Barbara Alternative Water Supply Seawater RO Desalting Plant Preliminary 12 5/18/1991 lonics Seawater%20R0%20Desalting%20Plant%20(1991).pdf

City of Santa Barbara Water Reclamation Project 3 5/28/1991 Fenner Engineering Inc. Santa%20Barbara%20Water%20Reclamation%20Project%20(1991).pdf

City of Santa Barbara Temporary Emergency Desalination Plant Offsite Pipeline Approved for

Improvements Construction 14 9/3/1991 Pennfield & Smith Engineers %20Temporary%20Emergency%20Desalination%20Plant%20.pdf

City of Santa Barbara Temporary Emergency Desalination Plant Offsite Pipeline Approved for

Improvements - Brine Water Line Dischrage Structure Detail Construction 1 10/22/1991 Pennfield & Smith Engineers Brine%20Water%20Line%20Discharge%20Structure%20Details.pdf

City of Santa Barbara Primary Sludge Line Replacement Project 9 5/19/1992 Pennfield & Smith Engineers Primary%20Sludge%20Line%20Replacement%20Project%20.pdf

City of Santa Barbara Temporary Emergency Desalination Plant Offsite Pipeline

Improvements As-Built 15 2/5/1993 Pennfield & Smith Engineers Temporary%20Emergency%20Desalination%20Plant%200ffsite%20Pipeline%20Improvements%20.pdf

City of Santa Barbara El Estero Waste Water Treatment Plant Process Water Backup Pump

Station 3 7/9/1993 Pennfield & Smith Engineers Process%20Water%20Backup%20Pump%20Station%20.pdf

Santa Barbara Wastewater Treatment Plant As-Built 13 1/16/1997 Buyco Engineering Services Master%20Control%20Panel%20(1_1997).pdf

Santa Barbara Wastewater Treatment Plant As-Built 1 4/6/1998 Buyco Engineering Services Electrical%20Power%20Plan%20(4_6_1998).pdf

City of Santa Barbara El Estero Wastewater Treatment Plant - Secondary Processes and

Tertiary Filter Upgrades 90% 21 2004 Carollo Engineers Secondary%20Process%20%26%20Tertiary%20Filter%20Upgrades%20(90%25%20Submittal)%20.pdf

City of Santa Barbara El Estero Wastewater Treatment Plant - Primary and Secondary

Clarifiers, Aeration Basins and Filter Rehabilitation 20 5/18/2005 Carollo Engineers Primary%20and%20Secondary%20Clarifiers%2C%20Aeration%20Basins%20and%20Filter%20Rehabilitation%20(5_18_2005).pdf
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Memorandum
To: Rebecca Bjork, City of Santa Barbara
From: Jamie Harlan, MNS Engineers

Don Cutler, CDM Smith
Evelyn You, CDM Smith

Date: February 19, 2013

Subject:  Assessment Memorandum (AM) No. 2 — Recycled Water System Study

Purpose and Background

The purpose of this assessment memorandum (AM) is to evaluate key existing and future
recycled water system characteristics at the City of Santa Barbara’s El Estero Wastewater
Treatment Plant (EEWWTP) and to develop a design basis for process flow rates and treatment
requirements to be considered in the development of improvements to the recycled water
system. The information presented herein includes an evaluation of the existing and future
recycled water demands, recycled water production capacities, and existing recycled water
quality goals.

Recycled Water System Overview

Construction of EEWWTP, located at 520 East Yanonali Street, Santa Barbara, CA 93103, was
completed in 1979, including secondary treatment processes. EEWWTP was upgraded with the
addition of a tertiary treatment processes and water reclamation facility in 1991. The Santa
Barbara Water Recycled Water System was developed in two phases. Phase I construction,
completed in July of 1989, included the recycled water treatment facilities, plant storage, plant
pumping facilities, and approximately 5.2 miles of pipeline. Phase II construction, completed in
May 1991, included the remainder of the pipeline, a large storage tank under the municipal golf
course, a booster pump station, and a pump station at the storage tank.

Recycled water is produced by taking effluent that has already undergone primary and secondary
treatment and directing it through tertiary filters. After tertiary filtration and disinfection, the
recycled water can be used for many reuse purposes. Appropriate uses for the City’s recycled
water include irrigation, supply for impoundment (lakes/ponds), supply for cooling or air
conditioning, and other uses. Some examples of other uses include, but are not limited to, toilet
flushing, industrial process water, mixing concrete, and dust control on roads. By using recycled
water for these tasks, potable water supplies may be maximized.
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Facilities

The recycled water production and distribution system facilities are described in AM6 - Recycled
Water System Hydraulic Analysis.

Recycled Water Regulations

The City of Santa Barbara adheres to the California Code of Regulations’ Recycled Water
guidelines (Titles 17 and 22) for its Recycled Water Program. The City’s recycled water system is
also operated and managed according to the Regional Water Quality Control Board Order No. 97-
44, Master Reclamation Permit for the City of Santa Barbara, Producer/User and Primary
Producer/User of Recycled Water. The NPDES Permit for El Estero Wastewater Treatment Plant
Waste Discharge Requirements for the City of Santa Barbara El Estero Wastewater Treatment
Facility was adopted by the Regional Water Quality Control Board and became effective on May

13,2010.

Table 1 summarizes the recycled water regulations that currently influence and control the
operations of EEWWTP.

Table 1 Recycled Water Regulations Applicable to EEWWTP

Entity Regulations

California
Department of
Public Health

Title 17 Division 1

State Department of Health Services, Chapter 5. Sanitation
(Environmental)

Title 22 Division 4

Environmental Health

Health and Safety Code Division 6

Sanitary Districts

Water Code Division 6

Conservation, Development, and Utilization of State Water
Resources

Water Code Division 7

Water Quality

Regional Water
Quality Control
Board

Order No. 97-44

General Permit Master Reclamation Permit for the City of Santa
Barbara

Order No. R3-2010-0011
NPDES No. CA0048143

NPDES Permit for El Estero Wastewater Treatment Plant Waste
Discharge Requirements for the City of Santa Barbara El Estero
Wastewater Treatment Facility

California
Recycled Water
Policy

Resolution No. 2009-0011

Adoption of a Policy for Water Quality Control for Recycled
Water

State Water
Resources
Control Board

Order No. 2009-0006-DWQ

General Waste Discharge Requirements for Landscape Irrigation
Uses of Municipal Recycled Water

City of Santa
Barbara

Recycled Water Program and Policies

See Policy Statement
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The City of Santa Barbara Recycled Water Program and Policies are as follows:

“California Water Law (Title 22) regulates recycled water use. The law states that the following uses are
approved for tertiary treated recycled water (City’s recycled water):

Irrigation of: food crops, orchards, all landscaping (residential, commercial and public), and pasture for
animals.

Supply for impoundment (lakes/ponds): nonrestricted recreational impoundments (swimming
allowed), fish hatcheries, and landscape impoundments.

Supply for cooling or air conditioning: industrial or commercial cooling or air conditioning with cooling
tower, evaporative condenser, or spraying that creates a mist

Other uses: flushing toilets and urinals, priming drain traps, industrial process water that may contact
workers, structural and nonstructural fire fighting, decorative fountains, commercial laundries,
consolidation of backfill material around potable water pipelines, artificial snow making, industrial boiler
feed, soil compaction, mixing concrete, dust control on roads and streets, flushing sanitary sewers, and
cleaning roads, sidewalks and outdoor work areas.

The City’s policy (and State law) is to require recycled water for irrigation for: multiple family
developments, developments with common area irrigated lots, and commercial developments that are
adjacent to the recycled water main line. (City Municipal Code 14.23.010-14.23.030.) The City’s policy is to
encourage but not require all other uses. Single family residential parcels adjacent to the recycled water
main line are not required but are encouraged to use recycled water on their sites.

There are plan specifications that must be followed for recycled water, a user agreement that must be
recorded and other review requirements that all sites must go through before the recycled water meter is
issued.”
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California’s Recycled Water Policy may have an effect on EEWWTP and its future operations.
Table 2 summarizes the various elements of the State Recycled Water Policy.

Table 2 State Recycled Water Policy Requirements Applicable to EEWWTP

Entity

State Recycled
Water Policy

Regulations

Mandate for the Use of Recycled
Water

Requirements

The State Water Board has mandated that the state will have an
increase the use of recycled water in California by 200,000 AFY
by the year 2020 and by an additional 300,000 AFY by 2030.

Salt/Nutrient Management Plans

It is the state’s goal to have a salt/nutrient management plan for
all groundwater basin/sub-basin in the state.

Landscape Irrigation Projects

The goals of this section are to control incidental runoff and to
streamline the permitting process for recycled water projects.
This streamlining process will be accomplished by creating
consistent criteria.

Recycled Water Groundwater
Recharge Projects

This is a potential use for recycled water that would be
examined on a site specific basis and would vary project to
project.

Anti-degradation

The goal of this section is to ensure that the state waterways are
regulated to obtain optimum water quality.

Emerging Constituents/Chemicals of
Emerging Concern

This policy results in the research and examination of CECs. The
state hopes to research and develop analytical methods to
determine potential environmental and public health impacts of
CECs.

Incentives for the Use of Recycled
Water

Funding — The State Water Board has a goal of providing funding
for the salt/nutrient management plans, recycled water
projects, and stormwater recharge projects.

Stormwater — The Board strongly encourages water purveyors
to provide financial incentives for water recycling and
stormwater recharge and reuse projects as well as encouraging
the Regional Water Boards to require less stringent monitoring
and regulatory requirements for stormwater treatment and use
projects than for projects involving untreated stormwater
discharges.

TMDLs — The Regional Water Boards will assign waste load
allocations in such a way that gives an incentive for more water
recycling.

Existing and Future Recycled Water Demands

According to the City’s 2011 Long Term Water Supply Plan, the City’s recycled water system has
the capacity to treat and deliver 1,400 AFY of recycled water. The EEWWTP process water usage
is approximately 300 AFY, and the current connected recycled demand from sales to customers is
approximately 800 AFY, which leaves approximately 300 AFY of capacity for new recycled water

customers.
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The historical recycled water demand data is presented in Table 3.

Table 3 Historical Recycled Water Demand

Average Annual Demand 2003 2004 2005 2006 2007 2011 Aver?ge
Peaking Factor

Total Annual Demands (AFY) 702 824 710 656 846 942

Average Day Demand (mgd) 0.63 0.74 0.63 0.59 0.76 0.84

Month with Minimum Demand Jan Mar Mar Apr Jan Feb

Minimum Month (acre-feet) 8.9 17.2 5.9 7.6 25.7 35.8

Minimum Month (mgd) 0.10 0.19 0.06 0.08 0.28 0.42

Minimum Month Peaking Factor 0.1 0.2 0.1 0.1 0.3 0.5 0.25
Month with Maximum Demand Sept Aug Jul Jul Aug May

Maximum Month (acre-feet) 131 123 117 117 127 131

Maximum Month (mgd) 1.43 1.33 1.27 1.27 1.38 1.38

Maximum Month Peaking Factor 2.2 1.8 2.0 2.1 1.8 1.6 1.95

According to the 2011 Recycled Water Use data, EEWWTP usage of total recycled water
(reclaimed water plus potable water blend) was approximately 942 Acre Feet per Year (AFY) for
the 2011 calendar year. The monthly distribution of the recycled water demand for year 2011 is
shown in Figure 1. The monthly recycled water demand peaking factors, based on year 2011 data,

are shown in Figure 2.
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Monthly Recycled Water Demand for Year 2011
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Figure 2
Monthly Recycled Water Demand Peaking Factor Based on 2011 Data

Table 3 shows the actual and projected recycled water sales.

Table 3 Actual and Projected Recycled Water Demand
Actual Actual Actual Projected Projected Projected Projected

Average Annual Demand 2005 2010 2011 2015 2020 2025 2030

EEWWTP Usage for Process Water (AFY)
Connected Recycled Water Customers
# of Accounts 76 84 N/A 99 114 129 144
Usage (AFY) 718 697 642 875 950 1,025 1,100
Total Recycled Water Demand (AFY) 1,020 997 942 1,180 1,250 1,330 1,400
Notes:

1. Estimated Value

Existing Recycled Water Users

Currently recycled water produced by EEWWTP serves over 400 acres of landscaped areas.
These areas include golf courses, parks, schools, and the zoo. The list of the current metered
recycled water users can be found in Attachment A.
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Potential New Recycled Water Users

It is the City’s policy to require recycled water for irrigation purposes for properties situated
along the main recycled water lines. These properties include multiple family developments,
developments with common area irrigated lots, and commercial developments (City Municipal
Code 14.23.010-14.23.030.) It is also the City’s policy to encourage users who are not required to
utilize recycled water to do so.

The potential new recycled water users located adjacent to existing recycled water distribution
pipelines are summarized in Table 4. The City has recently reached out to the Santa Barbara
Cemetery and the 23-acre Clark Estate, both situated along East Cabrillo Boulevard.

Table 4 Potential New Users — Pipeline Adjacent

Clark Estate Situated Adjacent to the Above
Harbor View Inn 22 W. Cabrillo Blvd.

The Armory 700 E Canon Perdido

Mission Terrace Convalescent 623 Junipero St.

Santa Barbara Community College Restroom Facilities

West Beach Inn 306 West Cabrillo Boulevard
Best Western Beachside Inn 336 West Cabrillo Boulevard
Santa Barbara Convalescent Hospital 2225 De La Vina Street

In addition to adding new recycled water users, there is also the potential to increase quantities
of recycled water used by current customers. The City would need to identify these customers
based on any requests or wishes for additional supply from the recycled water customers.

Another area for possible recycled water expansion is industrial use. Currently, the City’s
recycled water is distributed primarily for irrigation purposes. However, there is a potential for
growth in use for businesses such as car washes and laundries in the area.

Lastly, if there is enough capacity, there is always the possibility for expansion of the recycled
water distribution system. Table 5 shows potential areas for expansion in Phase I and Phase II,
and possible customers situated near the proposed expansion pipelines. These areas include
parks, schools, office complexes, and housing. Any system expansion would need further analysis
including a system model.
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Table 5 Potential Areas for Recycled Water Expansion
Area Proposed Expansion Pipeline Potential New Customers

Plaza De Vera Cruz

Anacapa School

Sunken Gardens

City and County Offices

Phase | State Street or Santa Barbara Street
Alameda Park

Alice Keck Park Gardens

Santa Barbara Public Library

Santa Barbara Assisted Living

) . Arroyo Hondo Park
Meigs Road / Carillo St.

Hilda MclIntyre Ray Park

San Roque Park
San Roque Road

Stevens Park
Phase Il

Rocky Nook Park

Santa Barbara Museum of Natural History
State Street

San Roque High School

Several Hotels Along Upper State Street

Required Recycled Water Production Capacity

According to the City’s 2011 Long Term Water Supply Plan, the recycled water system as it is
currently configured has the capacity to treat and deliver approximately 1,400 acre feet per year
(AFY) of recycled water. Current demand is 800 AFY plus 300 AFY of onsite process water used at
EEWWTP, which leaves 300 AFY additional capacity for addition of future recycled water
customers. To achieve the goals set forth in the City’s 2011 Long Term Water Supply Plan and the
Urban Water Management Plan, use of 1,400 AFY is the goal in this study.

Applying the peaking factors shown in Figure 2, the projected monthly recycled water demand
for years 2015, 2020, 2025 and 2030 are summarized in Table 6. Also applying the minimum
month peaking factor of 0.25 and maximum month peaking factor of 1.95, based on the historical
recycled water demand data (See Table 3), the minimum and maximum month recycled demands
are also projected. As shown in Table 6, the minimum month recycled water demand could be as
low as 0.26 mgd (Year 2015) and the maximum month demand could be as high as 2.44 mgd
(Year 2030). Based on this information, and considering the City’s goal of minimizing potable
water blending, the recycled water treatment system at EEWWTP will be sized for 2.5 mgd

capacity.
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Table 6 Historical Recycled Water Demand
Monthly Peaking

Recycled Water Demand

Factor
Average Annual Demand (AFY) 942 1250 1330 1400
Average Annual Demand (mgd) 0.84 1.05 1.12 1.19 1.25
January 0.46 0.39 0.48 0.51 0.55 0.57
February 0.5 0.42 0.53 0.56 0.59 0.62
March 0.51 0.43 0.54 0.57 0.61 0.64
April 0.91 0.76 0.96 1.01 1.08 1.14
May 1.45 1.22 1.53 1.62 1.72 1.81
June 1.29 1.08 1.36 1.44 1.53 1.61
July 1.64 1.38 1.73 1.83 1.95 2.05
August 1.59 1.34 1.67 1.77 1.89 1.99
September 1.34 1.13 1.41 1.49 1.59 1.67
October 0.93 0.78 0.98 1.04 1.10 1.16
November 0.68 0.57 0.72 0.76 0.81 0.85
December 0.66 0.55 0.69 0.74 0.78 0.82
Minimum Month Demand 0.25 0.21 0.26 0.28 0.30 0.31
Maximum Month Demand 1.95 1.64 2.05 2.17 2.31 2.44

To meet the recycled water demands, it is important to appropriately size the recycled water
treatment system based on the available quantity of secondary effluent. The primary concern for
available water for the recycled water system is the ability to meet recycled water demands at night
when the influent flows to the EEWWTP are low. Effluent flow data from the EEWWTP for April-May
2011 and July- August 2012 were used to determine the amount of flow available for the recycled
water system during these low flow conditions. These months were used since they are typically the
higher demand months, instead of the winter months when demand was lower.

The City provided data for the entirety of these two-month durations in 15-minute time intervals.
Each interval contained four separate flow measurements, all in million gallons per day: Actual,
Average, Minimum, and Maximum. These individual measurements were combined to provide a
comprehensive data set for analysis.

The minimum daily flows during April and May 2011 were constant at close to 3.0 mgd. The minimum
daily flows for July and August 2012, however, showed a wider variation. Although a consistent trend
shows minimum daily flows of approximately 2.5 mgd for the majority of this duration, many days in
the first half of July show much lower minimum daily flows. Many of these days had minimum flows of
less than 2.1 mgd. On July 7, the flow decreased to below 1.5 mgd, but only for 30 minutes. Because
this was only one day and for a short time, this period was considered an outlier and not used as a
design condition.

To appropriately size the treatment facilities for these varied flows, it is necessary to estimate an
expected minimum flow rate for each hour of the day. Based on the July data on the most extreme
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days, the design flow condition will include absolute minimum flow rates from 3am until 7:30am and
more typical flow rates from 7:30am until 3am the next day.

Design flow conditions were selected to average a total daily recycled water flowrate of 2.5 mgd. First,
it was determined that the minimum flow from 3am to 7:30am was 1.5 mgd, as indicated in the graph.
Using that as the main constraint, the flow for the remainder of the day (7am to 3am) was increased
until a product water of 2.5 mgd on an average basis was achievable. It was important to account for
flows that were required from secondary effluent but did not produce recycled water, for example
microfiltration/ultrafiltration (MF/UF) backwash and reverse osmosis (RO) brine, when determining
the secondary effluent flow to the system.

Figure 3 shows the measured second effluent flow rates for every day in July and August 2012 as well
as the design flow conditions. This shows that the design secondary effluent flow will be available on a
daily basis for the plant. This also shows that, during the low-flow periods, all of the secondary
effluent flow will be used for the recycled water system to meet the 2.5 mgd daily demand. The design
secondary effluent flow for normal periods is 3.2 mgd, and low periods is 1.5 mgd, as indicated by the
red line in the figure.

Secondary Effluent Diurnal Flow
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Secondary Effluent Flow (mgd)

Figure 2
July and August 2011 Daily Secondary Effluent Flow with Design Flow Conditions in Red
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Existing Facility Produced Water Quality and Future Water Quality
Goals

Current Water Quality

California Code of Regulations’ Recycled Water guidelines (Titles 17 and 22) are followed by the
City of Santa Barbara’s Recycled Water Program. The City’s recycled water system is also
operated and managed according to the Regional Water Quality Control Board Order No. 97-44,
Master Reclamation Permit for the City of Santa Barbara, Producer/User and Primary
Producer/User of Recycled Water. The NPDES Permit for EEWWTP Waste Discharge
Requirements was adopted by the Regional Water Quality Control Board and became effective on
May 13, 2010.

The City of Santa Barbara follows Monitoring and Reporting Program No. 97-44 as set forth in
their Master Reclamation Permit.

Table 7 Reclaimed Water Monitoring Requirements

Minimum Sampling and

Constituent Type of Sample Ariahrzing|Eiequeancy
Daily Flow Volume Metered Daily

Maximum Daily Flow™ gpd’ Metered Monthly

Mean Daily Flow" gpd’ Calculated Monthly

Turbidity® NTU Metered Continuous

Chlorine Residual™’ mg/L Metered Continuous

Total Coliform Organisms MPN/100mL Grab Daily

Settleable Solids mL/L Grab Daily

pH pH Units Grab Daily
I;::’Lg:dnégilsts;}zg;e Residue mg/L 24-hr Composite Five days per week
Total Dissolved Solids mg/L Grab Quarterly (Jan, Apr, Jul, Oct)
Cadmium mg/L 24-hr Composite Semi-annually (Apr, Oct)
Lead mg/L 24-hr Composite Semi-annually (Apr, Oct)

1. Flow shall be metered at the distribution system pump station to provide a record of the quantity of reclaimed
water used each day (per normal irrigation period).

2.  Report daily maximum and daily mean valued. In reporting turbidity, the amount of time that NTU limitation was
exceeded each day shall be reported. Turbidity samples may be obtained anywhere in the treatment process
following filtration.

3. Report daily maximum and daily minimum values before discharge and at the end of the chlorine contact chamber.
Compliance shall be determined by daily minimum values measured within the chlorine contact zone at the end of
the chlorine contact chamber.

4.  Monitor at the distribution system pump station.

Permit Reclamation Specifications

Daily flow (per normal irrigation period) averaged over each month shall not exceed 4.3 million
gallons.
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Recycled Water shall not contain constituents in excess of the following:

Table 8 Reclaimed Water Quality Requirements

Constituent Unit of Measurement Mean ‘ Maximum
Turbidity NTU 2 5
(Suspended solidy) e | et 10 25
Settleable Solids mL/L 0.1

Total Dissolved Solids mg/L 1500
Cadmium mg/L 0.01

Lead mg/L 5

The Median concentration of total coliform bacteria in the disinfected effluent shall not exceed a
Most Probable Number (MPN) of 2.2 per 100 milliliters, utilizing the bacteriological results of the
last seven days for which analyses have been completed, and the MPN shall not exceed 23 per
100 mL in more than one sample in any 30-day period. No sample shall exceed an MPN of 240
total coliform bacteria per 100 mL.

The filtered wastewater must be disinfected by a chlorine disinfection process that provides a CT
(chlorine concentration times modal contact time) value of not less than 450 milligram-minutes
per liter at all times with a modal contact time of at least 90 minutes, based on a peak dry
weather flow. Contact time shall be determined using the volume of the chlorine contact chamber
and the 600,000 gallon storage tank at the EEWWTP.

Reclamation Quarterly Reports

Quarterly reclamation reports are produced as required by the California Regional Water Quality
Control Board.

It was reported to the California Regional Water Quality Board that in Quarter 3 of 2011 (July,
August and September) there was a violation at the plant. Contact Time and Total Coliform
Bacteria were the offending parameters. Reclamation Quarterly Report: Quarter 3 - CY 2011
states that these parameters were violated on two occasions each. The explanation given for the
cause of the violations is as follows:

“The CT value <450 mg-min/L violations occurred when the filter was not producing recycle
water at desired levels and potable water was used to fill the reservoir. Potable water has low
chlorine residual which results in low CT values. The violation of the 23 MPN100ml daily
maximum was caused by the utilization of potable water with low chlorine residual in
conjunction with a low volume filter production.”
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The corrective action taken by EEWWTP and the City of Santa Barbara was to issue a request for
proposal to study the tertiary treatment facilities. This request for proposal resulted in this
current study being performed by CDM Smith.

Current water quality tables and graphs may be found in Attachment B. Graphs display the
minimum, average, and maximum values of each constituent for the years 2006 to 2011.

Future Water Quality Goals

The two main parameters that prompted this particular study are the chlorine contact time and
the total coliform bacteria. It is a goal to meet the requirements as set forth in the Master
Reclamation Permit.

In the Long Term Water Supply Plan mineral reduction is addressed. The City desires to achieve a
mineral content that is suitable for irrigation purposes. It has been a goal of the City to not allow
more than 300 mg/L of chloride during the irrigation season. The maximum Total Dissolved
Solids (TDS) as required by the general permit is 1,500 mg/L. Though 1,500mg/L is the upper
limit of TDS, the city averaged 951.7 mg/L from 2006 to 2011. In 2011 the TDS averaged 692

mg/L.

One goal of the City is to reduce potable water mixing. In order to achieve its turbidity and
mineral requirements, potable water is often blended with the recycled water. In recent years the
blend water proportion has been increasing. Figure 4 shows the ten-year history of blend
proportions. According to the Long Term Water Supply, issues with the Secondary Process began
in 2004 in conjunction with the Secondary Process issues.

Recycled Water Blending Proportion 2001-2010 (AF)

(Recycled Deliveries to the Distribution System, Not Including Process Water)

1,500

O Blend Water Portion

O Recycled Water Portion
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Figure 4
Recycled Water Blending Proportion 2001-2010 (AF)
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The water produced by the tertiary filters has not been consistent in meeting the turbidity
requirements of less than 2 NTU. If the City wishes to reach its turbidity requirement of less than
2 NTU without blending, other treatment options must be examined.

Utilizing potable water in this heightened capacity can be very expensive. Also, by eliminating
potable water from this process, the City will be even closer to achieving the 20 by 2020 mandate.

Other draft legislation includes the creation of Salt/Nutrient Management Plans and examination
of Constituents of Emerging Concern (CEC) as mentioned in the discussion of the State Recycled
Water Policy.
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Recycled Water Users

Address

Cottage Hospital
Oak Pak Restrooms
900 Old Coast Highway, CALTRANS
Dwight Murphy Restroom, City of SB
Dwight Murphy Fill Station, CALTRANS
Sycamore Creek, CALTRANS
Arroyo Burro Creek, City of SB, Creeks
Marbourg, N. Quarantia St.
801 Shoreline Drive (Ledbetter Beach Parks Restroom)
1100 Shoreline Drive
SPRINT PCS
NMC Parking
Villa Del Mar Condos
Breamar Lift Station
Reclaimed Reservoir Yard 46321496
Marborg Industries (Union St.)
SPRINT PCS - Las Positas Rd.

Garden Street Restroom

Marborg Industries (Chemical Toilets)
Shoreline Beach Cafe (toilets)
MacKenzie Park Restroom
Caltrans (San Marcos Pass)
Wastewater Vactor #667
11 Garden Street Irrigation
Caltrans (Quarantina)
Palm Park Expansion Restroom
Palm Park Expansion Irrigation
Sea Landing
Rockhar Mini-Storage
Palm Park Restroom (East)

1 State Street Restroom
Wastewater Vactor #669
Wastewater Vactor #668
Shoreline Condominiums
Earl Warren Showgrounds
Val Verde - Torino Road
Val Verde 1315357
Washington School
La Mesa Park
Hidden Valley Park
Monroe School
Arroyo Burro Beach
MacKenzie Lawn Bowling
MacKenzie Park
Oak Park

OAK PARK LN & JUNIPERO ST
600 W. JUNIPERO

900 OLD COAST HIGHWAY
501 NINOS

501 NINOS DR

501 NINOS DR

2931 CLIFF DR

119 N QUARANTINA

801 SHORELINE

1100 SHORELINE DRIVE
2800 CLIFF DR

2 N CALLE CESAR CHAVEZ
214 E. YANONALI STREET
3500 MCCAW

400 ALAN RD

709 UNION AVE

1500 LAS POSITAS

11 GARDEN STREET
IRRGATION

23 N QUARANTINA

801 SHORELINE DR

3111 STATE ST

540 W. PUEBLO

11 GARDEN STREET

2 N. QUARANTINA ST
325 E CABRILLO BLVD
325 E CABRILLO BLVD
501 SHORELINE DR
3650 CALLE REAL

620 E CABRILLO BLVD
1 STATE STREET

222 MEIGS RD

3402 CALLE REAL

3790 TORINO RD

900 CALLE DE LOS AMIGOS
290 LIGHTHOUSE RD

259 MEIGS RD

901 CALLE DE LOS AMIGOS
431 FLORA VISTA DR

2981 CLIFF DR

3111 STATE ST

3111 STATE ST

600 W ALAMAR




La Cumbre Junior High
Los Positas Park
Municipal Golf Course
Caltrans (Los Positas)
Samarkand
Pilgrim Terrace Co-op Homes
Pilgrim Terrace Park
Adams School
Boys Club
El Escorial
City College Main Campus
City College West Campus
Lash Water Truck 1214830
Bird Refuge
Water Truck - Parks Dept #562 (Active)
Ortega Park
Santa Barbara Zoo (042837)
Santa Barbara Zoo (1520839)
Palm Park (West) - Irrigation
Municipal Tennis Courts
Santa Barbara Jr High (South)
Santa Barbara High School
Shoreline Park (East)
DoubleTree Inn (Formerly "Red Lion Inn")
Shoreline Median
Dwight Murphy Field
Cabrillo Ball Field
Palm Park (East)

Palm Park (Middle) San Bar St parking lot
Harbor Lot / Marina 2
Leadbetter Beack
Shoreline Park (West)
Pershing / Plaza Del Mar
Housing Authority of - Meigs Rd.
Housing Authority - Elise Wy.
Santa Barbara Jr. High (North)
Montecito Country Club
INSITUFORM, INC-WATER TRUCK
MONTECITO SANITARY DIST. (no meter)
VENCO SWEEPING 2"
VENCO SWEEPING 3"
ALLBRETT, LOYRS-Steam Clearer
99 GARDEN STREET MEDIAN
15 GARDEN ST PARKING LOT

2257 MODOCRD

1298 LAS POSITAS

3333 MCCAW AVE

0 JUNIPERO ST

2250 SAMARKAND DR
649 PILGRIM TERRACE DR
651 PILGRIM TERRACE DR
2701 LAS POSITAS

632 E. CANON PERDIDO
625 POR LA MAR CIRCLE
721 CLIFF DR

721 CLIFF DR

1100 E. CABRILLO BLVD

604 E ORTEGA ST
500 NINOS DR

500 NINOS DR

1 STATE STREET

1414 PARK PL

721 E COTA

700 E ANAPAMU
1201 SHORELINE DR
633 E CABRILLO

601 SHORELINE DR
501 NINOS

800 CALLE PUERTO VALLARTA
400 E CABRILLO BLVD
200 E CABRILLO BLVD
401 SHORELINE DR
803 SHORELINE DR
1235 SHORELINE PARK
131 CASTILLO ST

219 MEIGS RD

1934 ELISE WAY

721 E COTA

920 SUMMIT RD

1042 MONTE CRISTO LN

956 MIRAMONTE DR

99 GARDEN STREET MEDIAN
15 GARDEN ST PARKING LOT




CITY OF SANTA BARBARA 2011 RECYCLED WATER USE - ACRE FEET -

Mtr
Cnt Recycled Water Users Acct # Jan Feb Mar 1ST QTR Apr May Jun 2ND_QTR Jul Aug Sep 3RD_QTR Oct Nov Dec 4TH QTR YTD

1 Cottage Hospital / Oak Park Ln & Junipero St 111464 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.002

2 Oak Pak Restrooms (600 W. Junipero) 111345 0.000 0.011 0.016 0.018 0.046 0.000 0.055 0.005 0.060 0.011 0.014 0.014 0.039 0.145

3 900 Old Coast Highway, CALTRANS 111296 0.030 0.023 | 0.025 0.078 0.053 0.000 0.282 0.335 0.046 0.002 0.007 0.055 0.000 0.000 0.000 0.000 0.468
4 501 Ninos Drive, City of SB 111128 0.021 0.025 | 0.018 0.064 0.032 0.030 0.030 0.092 0.021 0.044 0.009 0.073 0.028 0.030 0.030 0.087 0.317

5 501 Ninos Drive, CALTRANS 111076 0.034 0.037 | 0.076 0.147 0.131 0.126 0.177 0.434 0.218 0.386 0.011 0.615 0.266 0.126 0.126 0.519 1.715

6 501 Ninos Drive, CALTRANS 111075 0.000 0.000 | 0.000 0.000 0.000 0.000 0.340 0.340 0.000 0.000 0.014 0.014 0.014 0.011 0.011 0.037 0.390

7 2931 CIiff Dr., City of SB, Creeks 109949 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.016 0.000 0.000 0.000 0.000 0.016

8 MARBOURG N.QUARANTINA ST. 109796 0.002 0.055 | 0.016 0.073 0.037 0.179 0.227 0.443 0.207 0.253 0.018 0.478 0.163 0.147 0.147 0.457 1.451

801 SHORELINE DRIVE (LEDBETTER BEACH PARKS REST

9 ROOM) 109522 0.060 0.085 | 0.055 0.200 0.094 0.023 0.000 0.117 0.000 0.110 0.021 0.131 0.046 0.032 0.032 0.110 0.558
10 1100 SHORELINE DRIVE 108941 0.000 0.000 | 0.002 0.002 0.000 0.266 0.381 0.647 0.337 0.000 0.023 0.360 0.170 0.021 0.021 0.211 1.221
11 SPRINT PCS - CLIFF DR 108868 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.000 0.000 0.000 0.000 0.025
12 NMC PARKING - N CALLE CESAR CHAVEZ 108859 0.000 0.023 | 0.000 0.023 0.007 0.046 0.037 0.090 0.041 0.076 0.028 0.145 0.018 0.000 0.000 0.018 0.275
13 214 E. YANONALI STREET 108724 0.016 0.067 | 0.028 0.110 0.094 0.152 0.149 0.395 0.135 0.319 0.030 0.484 0.140 0.115 0.115 0.370 1.359
14 BREAMAR LIFT STATION 108723 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.032 0.032 0.000 0.000 0.000 0.000 0.032
15 RECLAIMED RESERVIOR YARD 46321496 108717 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.034 0.034 0.002 0.005 0.005 0.011 0.046
16 MARBORG INDUSTRIES (UNION ST) 108694 0.000 0.000 | 0.000 0.000 0.000 0.000 0.044 0.044 0.000 0.000 0.037 0.037 0.005 0.000 0.000 0.005 0.085
17 SPRINT PCS - LAS POSITAS RD. 108122 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.039 0.039 0.000 0.000 0.000 0.000 0.039
18 GARDEN STREET RESTROOM 107568 0.092 0.096 | 0.071 0.259 0.115 0.103 0.149 0.367 0.122 0.220 0.041 0.383 0.133 0.106 0.106 0.344 1.354
19 MARBORG INDUSTRIES 107466 0.000 0.014 | o0.018 0.032 0.018 0.016 0.016 0.051 0.016 0.034 0.044 0.094 0.025 0.025 0.025 0.076 0.253
20 SHORELINE BEACH CAFE (toilets) 107293 0.011 0.021 | 0.014 0.046 0.018 0.028 0.023 0.069 0.025 0.057 0.046 0.129 0.023 0.011 0.011 0.046 0.289
21 MACKENZIE PARK RESTROOM 107169 0.002 0.002 | 0.005 0.009 0.005 0.005 0.009 0.009 0.018 0.048 0.076 0.002 0.002 0.002 0.007 0.101
22 CAL TRANS (San Marcos Pass) 107133 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.051 0.051 0.000 0.000 0.000 0.000 0.051
23 WASTEWATER VACTOR #667 106842 0.000 0.021 | 0.005 0.025 0.000 0.000 0.000 0.000 0.000 0.000 0.053 0.053 0.000 0.000 0.000 0.000 0.078
24 11 GARDEN STREET IRRGATION 106403 0.000 0.005 | 0.028 0.032 0.000 0.002 0.000 0.002 0.000 0.011 0.055 0.067 0.246 0.076 0.076 0.397 0.498
25 CAL TRANS (QUARANTINA) 106264 0.025 0.000 | 0.000 0.025 0.000 0.000 0.211 0.211 0.574 1.628 0.057 2.259 0.078 0.055 0.055 0.188 2.684
26 PALM PARK EXPANSION RESTROOM 106249 0.000 0.000 | 0.080 0.080 0.090 0.087 0.115 0.292 0.115 0.253 0.060 0.427 0.129 0.163 0.163 0.455 1.253
27 PALM PARK EXPANSION IRRGATION 106248 0.000 0.028 | 0.005 0.032 0.018 0.496 0.432 0.946 0.436 1.015 0.062 1.513 0.184 0.170 0.170 0.523 3.014
28 SEA LANDING 106175 0.000 0.000 | 0.000 0.000 0.014 0.032 0.071 0.117 0.062 0.083 0.064 0.209 0.055 0.041 0.041 0.138 0.464
29 ROCKHAR MINI-STORAGE 105547 0.000 0.016 | 0.000 0.016 0.005 0.005 0.002 0.011 0.023 0.016 0.067 0.106 0.000 0.028 0.028 0.055 0.188
30 PALM PARK RESTROOM (EAST) 105463 0.108 0.133 | 0.103 0.344 0.140 0.225 0.092 0.457 0.090 0.000 0.069 0.158 0.087 0.076 0.076 0.239 1.198
31 1 STATE STREET RESTROOM 105462 0.092 0.110 | 0.067 0.269 0.124 0.115 0.158 0.397 0.140 0.321 0.071 0.533 0.179 0.103 0.103 0.386 1.584
32 WASTEWATER VACTOR #669 105159 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.073 0.073 0.000 0.000 0.000 0.000 0.073
33 WASTEWATER VACTOR #668 104973 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.076 0.076 0.000 0.000 0.000 0.000 0.076
34 SHORELINE CONDOMINIUMS 104857 0.000 0.000 | 0.000 0.000 0.000 0.055 0.073 0.129 0.067 0.119 0.078 0.264 0.076 0.057 0.057 0.191 0.583
35 EARL WARREN SHOWGROUNDS 104757 0.064 0.147 | 0.163 0.374 0.140 0.225 0.271 0.636 0.174 0.473 0.080 0.728 0.253 0.223 0.223 0.698 2.436
36 VAL VERDE - Torino Road 104711 0.450 0.266 | 0.271 0.987 0.170 0.932 0.700 1.802 0.836 1.382 0.083 2.300 1.058 0.693 0.693 2.445 7.534
37 VAL VERDE 1315357 104710 0.737 0.902 | 0.882 2.521 1.765 2.068 3.655 7.489 2.029 4.105 0.085 6.219 3.287 2.126 2.126 7.539 23.767
38 WASHINGTON SCHOOL 104709 0.099 0.126 | 0.117 0.342 0.170 0.271 0.877 1.318 0.604 0.769 0.087 1.460 0.422 0.305 0.305 1.033 4.153
39 LA MESA PARK 104708 0.000 0.005 | 0.000 0.005 0.000 0.197 0.181 0.379 0.030 0.698 0.090 0.817 0.181 0.000 0.000 0.181 1.382
40 HIDDEN VALLEY PARK 104707 0.000 0.000 | 0.000 0.000 0.000 0.021 0.039 0.060 0.096 0.161 0.092 0.349 0.076 0.023 0.023 0.122 0.530
41 MONROE SCHOOL 104706 0.046 0.246 | 0.354 0.645 0.103 0.383 0.673 1.159 0.950 1.396 0.094 2.440 1.095 0.280 0.280 1.655 5.900
42 ARROYO BURRO BEACH 104704 0.014 0.000 | 0.021 0.034 0.053 0.083 0.112 0.248 0.069 0.161 0.096 0.326 0.227 0.053 0.053 0.333 0.941
43 MACKENZIE LAWN BOWLING 104696 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.106 0.048 0.099 0.253 0.044 0.046 0.046 0.135 0.388
44 MACKENZIE PARK 104679 0.000 0.028 | 0.021 0.048 0.025 0.840 0.882 1.747 0.466 0.808 0.101 1.375 0.255 0.204 0.204 0.663 3.834
45 OAK PARK 104678 0.000 0.007 | 0.005 0.011 0.009 0.220 0.411 0.640 0.197 0.544 0.103 0.845 0.119 0.025 0.025 0.170 1.667
46 LA CUMBRE JUNIOR HIGH 104677 0.126 0.976 | 0.262 1.364 2.215 0.000 2.860 5.076 1.508 3.407 0.106 5.021 0.301 1.393 1.393 3.088 14.548
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Monthly Readings:

Prior Ending
From: Read JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
EEWTP | Filter Production (gallons) 2,556,000 2,357,000 2,848 682,000 665,000 3,664,000 6,132,000 7,544,000 | 13,314,000 | 4,514,000 6,005,000 3,111,000
EEWTP | El Estero Usage [Process Water] (gallons) 7,318,432 5,605,512 6,643,652 6,054,312 6,841,956 6,290,680 7,488,976 7,708,888 6,934,708 7,280,284 7,985,648 7,890,652
EEWTP | Blending Water Usage - at EEWTP (gallons) 9,563,875 9,859,228 10,797,811 22,321,106 37,966,684 | 29,002,190 | 36,791,606 | 33,830,723 | 20,458,832 | 19,698,448 | 11,324,172 | 13,855,291
EEWTP | Metered Distribution Flow at EEWTP (gallons) 11,862,000 11,662,000 12,936,000 23,017,999 37,885,000 | 32,425,000 | 42,795,000 | 41,367,000 | 33,918,000 | 24,274,000 | 17,162,000 | 17,300,000
EEWTP | Theoretical (Calc'd) Distribution Flow (gallons) 12,119,875 12,216,228 13,645,811 23,003,106 38,631,684 | 32,666,190 | 42,923,606 | 41,374,723 | 33,772,832 | 24,212,448 | 17,329,172 | 16,966,291
DIST. | Blending Water @ Golf Course Tank (HCF) 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600 23,600

Summary Information in Acre-Feet: JAN FEB MAR 1st QTR APR MAY JUN 2nd QTR JUL AUG SEP 3rd QTR OoCT NOV DEC 4th QTR | TOTAL

Filter Production 7.84 7.23 0.01 15.09 2.09 2.04 11.24 15.38 18.82 23.15 40.86 82.83 13.85 18.43 9.55 41.83 | 155.12

Blending Water @ EEWTP | 29.35 30.26 | 33.14 92.74 68.50 | 116.52 89.00 274.02 | 112.91 | 103.82 62.79 279.52 60.45 34.75 42.52 137.73 | 784.01

Metered Distribution Flow @ EEWTP | 36.40 35.79 | 39.70 111.89 70.64 | 116.27 99.51 286.41 | 131.33 | 126.95| 104.09 362.38 74.49 52.67 53.09 180.25 | 940.94

Potable/Blending Water Added @ Golf Course Tank 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Metered Water to Distribution ( EEWTP + Golf Course) | 36.40 35.79 | 39.70 111.89 70.64 | 116.27 99.51 286.41 | 131.33 | 126.95| 104.09 362.38 74.49 52.67 53.09 180.25 | 940.94

Total Blending Water (EEWTP + Golf Course) | 29.35 30.26 | 33.14 92.74 68.50 | 116.52 89.00 274.02 | 112.91 | 103.82 62.79 279.52 60.45 34.75 42.52 137.73 | 784.01

Percent Blend Water 81% 85% 83% 83% 97% | 100% 89% 96% 86% 82% 60% 77% 81% 66% 80% 76% 83%

Total El Estero Usage [Process Water] | 22.46 17.20 | 20.39 60.05 18.58 21.00 19.31 58.88 22.98 23.66 21.28 67.92 22.34 24.51 24.22 71.07 | 257.92

Net Production to Distribution System | 13.94 18.59 | 19.31 51.84 52.06 95.27 80.20 227.53 | 108.35 | 103.29 82.81 294.45 52.15 28.16 28.88 109.19 | 683.01

Metered Sales to Customers | 6.878 | 15.723 | 8.457 31.06 | 18.806 | 56.997 | 72.158 147.96 | 54.679 | 117.025 | 7.812 179.52 | 52.167 | 33.719 | 33.719 119.61 | 478.14
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PHASE |
1. MONTECITO COUNTRY CLUB
2. CALTRANS (900 OLD COAST HWY)
3. BIRD REFUGE (1100 E. CABRILLO BLVD.)
4, MUNICIPAL TENNIS COURTS (1414 PARK PL.)
5. PALM PARK RESTROOM (EAST) (620 E CABRILLO BLVD)
6. PALM PARK (EAST) (400 E CABRILLO BLVD)

15, CABRILLO BALL FIELD (800 CALLE PUERTO VALLARTA)

16. FESS PARKER'S DOUBLE TREE INN (633 E. CABRILLO BLVD)
17. CALTRANS (QUARANTINA) (2 N QUARANTINA ST)

18. NMC PARKING (2 N. CALLE CESAR CHAVEZ

19. MARBORG INDUSTRIES (CHEMICAL TOILETS) (23 N QUARANTINA ST)

20. MARBOURG (N QUARANTINA ST) (119 N QUARANTINA ST)

7. PALM PARK (MIDDLE) SAN BAR ST PARKING LOT (200 E CABRILLO BLVD) 21, MARBORG INDUSTRIES (UNION STREET) (709 UNION ST)

8. EL ESCORIAL (625 POR LA MAR CIR)

9. SANTA BARBARA Z0O (500 NINOS DR.)

10. SANTA BARBARA ZOO (500 NINOS DR.)

11. SYCAMORE CREEK, CALTRANS (501 NINOS DR)

12.DWIGHT MURPHY FILL STATION, CALTRANS (501 NINOS DR)
13.DWIGHT MURPHY RESTROOM(501 NINOS DR)

14.DWMIGHT MURPHY FIELD (501 NINOS DR)

22. PALM PARK EXPANSION RESTROOM (325 E. CABRILLO BLVD)
23. PALM PARK EXPANSION IRRIGATION (325 E. CABRILLO BLVD)
24,11 GARDEN STREET IRRIGATION (11 GARDEN ST)

25,214 E YANONALI ST (VILLAS DEL MAR) (214 E YANONAL ST)
26. SANTA BARBARA JR HIGH (SOUTH) (721 E COTA ST)

27. SANTA BARBARA JR. HIGH (NORTH) (721 E COTA ST)

28. ORTEGA PARK (604 E ORTEGA ST)

BHASE | CONTINUED
29, BOYS & GIRLS CLUB 632 E. CANON PERDIDO ST.)
30. SANTA BARBARA HIGH SCHOOL (700 E. ANAPAMU ST.
31. 1 STATE STREET RESTROOM (1 STATE STREET)
32. PALM PARK (WEST) — IRRIGATION (1 STATE STREET)
33. HARBOR LOT / MARINA 2 (401 SHORELINE DR.)
34. PERSHING / PLAZA DEL MAR (131 CASTILLO ST. )
35. SEA LANDING (501 SHORELINE DR.)
36. SHORELINE MEDIAN (601 SHORELINE DR.)
37. CITY COLLEGE MAIN CAMPUS (721 CLIFF DR.)
38. CITY COLLEGE WEST CAMPUS (721 CLIFF DR.)
39. LEADBETTER BEACH (803 SHORELINE DR.)
40. SHORELINE BEACH CAFE (TOILETS) (801 SHORELINE DR.)
41. 1100 SHORELINE DR (1100 SHORELINE DR)
42, SHORELINE PARK (EAST) (1201 SHORELINE DR.)
43. SHORELINE PARK (WEST) (1235 SHORELINE DR.)

PHASE Il NORTH

1. LOS POSITAS PARK (1298 LAS POSITAS RD.)

2. SPRINT PCS — LAS POSITAS (1500 LAS POSITAS RD.)
3. CALTRANS (LOS POSITAS) (O W. JUNIPERO ST.)

4. LA CUMBRE JUNIOR HIGH (2257 MODOC RD.)

5. PILGRIM TERRACE PARK (651 PILGRIM TERRACE DR.)
6. PILGRIM TERRACE CO—OP HOMES (649 PILGRIM TERRACE DR.)
7. CALTRANS (SAN MARCOS PASS) (540 W. PUEBLO ST.
8. OAK PARK RESTROOMS (600 W. JUNIPERO ST.)

9. OAK PARK (600 W. ALAMAR AVE.

10. COTTAGE HOSPITAL (OAK PARK LN. & JUNIPERO ST.)
11. SAMARKAND (2250 SAMARKAND DR)

12. EARL WARREN SHOWGROUNDS (3402 CALLE REA

13. ADAMS SCHOOL (2701 LAS POSITAS RD.)

14, MACKENZIE PARK RESTROOM (3111 STATE ST.)
15.MACKENZIE PARK (3111 STATE ST.)

16.MUNICIPAL GOLF COURSE (3333 MCCAW AVE.)
17.ROCKHAR MINI-STORAGE (3650 CALLE REAL)

RECYCLED WATER SYSTEM
WITH NEW USERS

BPHASE Il SOUTH
18. WASHINGTON SCHOOL (290 LIGHTHOUSE RD.)
19. SHORELINE CONDOMINIUMS (222 MEIGS RD.)
20. LA MESA PARK (259 MEIGS RD)
21. HOUSING AUTHORITY — MEIGS (219 MEIGS RD.)
22. HOUSING AUTHORITY — ELISE (1934 ELISE WY)
23. MONROE SCHOOL (431 FLORA VISTA DR.)
24, SPRINT PCS ( 2800 CLIFF DR.)
25. RECLAIMED RESERVOIR YARD 46321496 (400 ALAN RD.
26. ARROYO BURRO CREEK, CITY OF SB, CREEKS (2931 CLIFF DR.)
27. ARROYO BURRO BEACH (2981 CLIFF DR.)
28. HIDDEN VALLEY PARK (900 CALLE DE LOS AMIGOS)
29. VAL VERDE 1315357 (900 CALLE DE LOS AMIGOS)
30. VAL VERDE — TORINO ROAD (3790 TORINO DR.)
31. BREAMAR LIFT STATION (3500 MCCAW)
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CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

EL ESTERO WWTP RECLAIMED DISTRIBUTION WATER ANNUAL SUMMARY 2007

EPA METHODS PARAMETER JAN FEB MAR APR MAY JUN JuL AUG SEP OCT NOV DEC MIN MAX AVG
600/8-78-017 Total Coliform Bacteria, MPN/100 mL (7-Day Median) 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
310.1 Alkalinity (as CaCO3) 279 298 374 314 293 271 293 278 273 273 270 268 268 374 290
Calc. Bicarbonate (HCO3) 340 364 456 383 357 331 357 339 333 333 329 327 327 456 354
215.2 Calcium (Ca) 95.3 91.7 97.7 96.9 90.1 88.6 97.1 96.4 95.5 85.7 88.9 94.2 85.7 97.7 93.2
130.2 Total Hardness (CaCO3) 425 427 440 449 398 425 433 421 436 428 440 438 398 449 430
375.4 Sulfate (SO4) 278 285 308 299 263 276 274 269 300 292 291 292 263 308 286
407A Chloride (Cl) 175 267 291 279 203 231 246 78.7 328 260 289 320 78.7 328 247
352.1 Nitrate as Nitrogen (NO3-N) 0.47 0.76 0.65 0.43 0.24 1.24 0.27 0.31 0.48 2.65 0.92 251 0.24 2.65 0.91
354.1 Nitrite as Nitrogen (NO2-N) <0.1 <0.1 0.67 0.57 0.14 2.92 0.79 0.82 3.09 1.36 1.66 2.80 <0.1 3.09 13
300 Fluoride (F) 0.37 0.40 0.57 0.62 0.54 2.04 0.40 0.36 0.38 0.50 0.42 0.41 0.36 2.04 0.58
300 Bromide (Br) 0.38 0.74 0.76 0.35 0.31 3.00 0.58 0.43 0.81 1.06 0.85 0.45 0.31 3.00 0.81
350.3 Ammonia as Nitrogen 17.8 23.7 27.9 294 229 21.8 22.1 15.7 22.6 17.2 24.8 19.6 15.7 29.4 221
330.2.3 Chlorine Residual - Total* 4.85 6.45 6.88 5.69 7.68 5.64 6.25 6.45 5.75 6.15 6.32 5.61 4.85 7.68 6.14
160.2 Total Suspended Solids (TSS)* 1.94 2.03 2.04 1.48 1.58 1.84 2.15 2.77 2.8 1.97 2.46 2. 1.48 2.8 2.09
160.1 Total Dissolved Solids (TDS) 1041 1054 1226 1127 1021 1028 1316 1505 1184 1209 1192 1249 1021 1505 1179
150.1 pH, Units 8.10 8.00 8.05 7.73 7.68 8.15 7.71 8.26 7.59 8.01 8.01 8.12 7.59 8.26 7.95
110.2 Color, apparent unfiltered 16 16 28 13 14 11 17 18 18 23 18 20 11 28 17.7
120.1 Conductivity (EC), umhos/cm 1771 1897 2030 1943 1761 1639 1933 1881 2070 2050 1876 2100 1639 2100 1913
180.1 Turbidity, NTUs 3.55 3.37 2.58 251 3.22 2.23 2.36 2.40 1.64 2.47 2.76 181 1.64 3.55 2.58
365.2 Phosphorous  (P) 0.43 0.53 0.31 0.71 0.46 0.41 0.90 21 0.32 11 0.52 0.49 0.31 21 0.69
212.3 Boron (B) 0.57 0.49 0.69 0.73 0.45 0.41 0.62 0.53 0.76 0.78 0.54 0.42 0.41 0.78 0.58
2731 Sodium (Na) 144 141 211 198 127 147 160.6 181.2 173.2 196 167 180 127 211 169
258.1 Potassium (K) 23.0 26.2 26.7 324 19.4 20.6 2.604 22.60 24.60 30.26 23.3 29.2 2.604 324 234
2421 Magnesium (Mg) 40.8 35.0 51.0 44.0 39.8 42.6 44.4 43.6 42.0 43.6 43.8 41.4 35.0 51.0 42.7
Calc. Sodium Absorption Ratio  (SAR) 311 3.18 431 4.19 2.80 3.21 3.39 3.85 3.72 4.30 3.62 3.89 2.80 431 3.63
Calc. Adjusted Sodium Absorption Ratio (SARa) 7.59 7.75 11.15 10.43 6.88 7.77 8.37 9.38 9.01 10.33 8.75 9.37 6.88 11.15 8.90
206.2 Arsenic  (As) _ _ <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0021 0.0016 <0.001 0.0021 0.001
2131 Cadmium (Cd) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0001 <0.0001 <0.01 0.009
218.1 Chromium (Cr) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.0018 0.0018 <0.02 0.018
220.1 Copper (Cu) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.011 <0.01 <0.01 <0.01 0.0044 0.0044 0.011 0.010
236.1 Iron (Fe) 0.21 0.081 0.153 0.184 0.253 0.165 0.191 0.140 0.181 0.197 0.178 0.140 0.081 0.253 0.173
239.2 Lead (Pb) 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0056 <0.0001 | <0.0001 0.0056 0.001
245.1 Mercury (Hg) <0.0002 | <0.0002 | <0.0002 | <0.0002 <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002 | <0.0002
246.2 Molybdenum (Mo) 0.005 0.007 0.005 0.0047 <0.001 <0.001 0.005 0.003 0.002 0.006 0.0108 0.0081 <0.001 0.0108 0.005
249.1 Nickel (Ni) <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 0.0056 0.0056 <0.06 0.055
270.2 Selenium (Se) <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 0.0040 0.0032 <0.001 0.0040 0.001
272.1 Silver (Ag) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.013 0.0012 0.0012 0.013 0.010
289.1 Zinc (Zn) <0.02 0.027 <0.02 <0.02 0.024 <0.02 <0.02 0.254 0.303 0.321 0.429 0.0230 <0.02 0.429 0.12

* Monthly Average

All units are in mg/L unless otherwise indicated.

All Inorganic Trace Metals are in ug/L
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CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

EL ESTERO WWTP RECLAIMED DISTRIBUTION WATER ANNUAL SUMMARY 2009

EPA METHODS PARAMETER JAN | FEB | MAR | APR MAY | JUN | JUL | AUG SEP OCT | NOV | DEC | MIN | MAX | AVG
600/8-78-017 Total Coliform Bacteria, MPN/100 mL (7-Day Median) <11 <11 <11 11 11 11 11 1.2 11 11 1.1 <11 <11 1.2 11
3101 Alkalinity (as CaCO3) 241 230 192 245 194 214 211 190 214 216 181 187 181 245 210
Calc. Bicarbonate (HCO3) 294 281 234 299 237 261 257 232 261 264 221 228 221 299 256
215.2 Calcium (Ca) 102 91.3 92.5 101 95.3 90.5 100 101 95.3 92.9 83.3 85.7 83.3 102 94.2
130.2 Total Hardness (CaCO3) 441 386 400 456 402 428 444 438 450 430 378 392 378 456 420
375.4 Sulfate (SO4) 297 238 237 337 257 290 278 335 293 305 263 267 237 337 283
407A Chloride (CI) 213 170 242 256 68.1 185 82.0 134 286 144 87.1 89.6 68.1 286 163
352.1 Nitrate as Nitrogen (NO3-N) 21.3 2.09 5.87 2.65 0.66 2.67 0.95 2.46 0.55 1.15 0.90 0.45 0.45 21.3 3.48
354.1 Nitrite as Nitrogen (NO2-N) 0.30 <0.1 <0.1 0.79 0.17 0.67 0.22 4.66 0.56 5.33 1.40 0.54 <0.1 5.33 12
300 Fluoride (F) 0.63 0.55 0.58 0.57 0.42 0.48 0.40 0.52 0.54 0.43 0.45 0.43 0.40 0.63 0.50
300 Bromide (Br) 0.25 <0.1 <0.1 <0.1 <0.1 0.30 <0.1 <0.1 0.19 <0.1 <0.1 0.13 <0.1 0.30 0.1
350.3 Ammonia as Nitrogen 8.9 8.2 2.7 113 0.7 8.0 3.50 3.4 5.7 5.5 1.0 41 0.7 11.3 5.3
330.2.3 Chlorine Residual - Total* 4.16 4.12 3.33 3.31 3.35 2.67 3.16 2.37 2.67 1.83 157 242 157 4.16 291
160.2 Total Suspended Solids (TSS)* 1.74 1.72 1.76 1.9 1.85 248 2.39 2.67 2.78 2.46 2.19 2.15 1.72 2.78 217
160.1 Total Dissolved Solids (TDS) 982 898 1069 1090 702 878 981 904 1,020 925 730 751 702 1090 911
150.1 pH, Units 7.86 8.09 7.53 7.88 8.23 8.04 7.85 7.92 7.84 7.55 7.86 7.66 7.53 8.23 7.86
110.2 Color, apparent unfiltered 8 12 12 13 7 11 17 14 7 14 <5 7 <5 17 10.6
120.1 Conductivity (EC), umhos/cm 1770 1597 1828 1776 1031 1376 1528 1302 1479 1461 1075 1157 1031 1828 1448
180.1 Turbidity, NTUs 1.79 2.24 1.96 2.68 0.82 1.18 1.83 2.08 5.12 181 0.89 124 0.82 5.12 1.97
365.2 Phosphorous (P) 0.29 0.34 0.43 0.39 0.03 0.41 0.35 0.16 0.45 0.47 <0.1 0.20 <0.1 0.47 0.3
212.3 Boron (B) 0.55 0.38 041 0.49 0.38 0.44 0.46 0.36 0.48 0.49 0.34 0.34 0.34 0.55 0.43
2731 Sodium (Na) 132 129 174 143 59.2 81.6 128 100 137 129 77.4 91.8 59.2 174 115
258.1 Potassium (K) 18.5 16.3 215 18.8 6.12 9.42 17.2 12.6 17.3 15.6 7.8 9.26 6.12 215 14.2
242.1 Magnesium (Mg) 42.8 41.8 40.4 40.2 35.6 38.4 42.8 41.8 46.0 44.4 39.0 43.2 35.6 46.0 414
Calc. Sodium Absorption Ratio  (SAR) 2.77 281 3.80 3.04 131 1.81 2.70 211 2.88 2.76 1.75 2.02 131 3.80 2.48
Calc. Adjusted Sodium Absorption Ratio (SARa) 6.65 6.62 8.58 7.29 3.02 422 6.31 4.87 6.76 6.45 3.94 4.59 3.02 8.58 5.78
206.2 Arsenic (As) _ _ 2.0 2.0 <15.0 2.0 14 13 2.0 1.9 2.6 2.0 1.8 1.9 13 <15.0 3.0
2131 Cadmium (Cd) <1.0 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <5.0 13
218.1 Chromium (Cr) <1.0 | <10 <5.0 <1.0 <1.0 <1.0 <1.0 2.6 <1.0 <1.0 <1.0 <1.0 <1.0 <5.0 15
220.1 Copper (Cu) 215 2.9 <5.0 34 21 15 2.8 39 31 16 39 4.6 15 215 47
236.1 Iron (Fe) 146 73 121 70 48 51 104 81 146 120 60 83 48 146 91.9
239.2 Lead (Pb) <1.0 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <5.0 13
245.1 Mercury (Hg) <0.02 <0.2 <0.5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.5 0.2
246.2 Molybdenum (Mo) 7.2 8.2 9.8 7.7 7.0 6.8 8.7 8.6 8.8 8.7 84 8.3 6.8 9.8 8.2
249.1 Nickel (Ni) 3.6 29 <5.0 3.7 29 4.2 41 52 43 2.9 <1.0 33 <1.0 5.2 3.6
270.2 Selenium (Se) 15 2.2 <15.0 2.1 18 24 25 18 2.1 2.0 <1.0 3.3 <1.0 <15.0 3.1
272.1 Silver (Ag) 1.6 0.7 <5.0 2.0 <1.0 13 12.7 11 <1.0 <1.0 <1.0 <1.0 <1.0 12.7 25
289.1 Zinc (Zn) 215 17.0 12.8 17.9 12.7 21.0 16.3 30.6 21.7 13.8 16.1 304 12.7 30.6 19.3

* Monthly Average

All units are in mg/L unless otherwise indicated.

All Inorganic Trace Metals are in ug/L
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CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

EL ESTERO WWTP RECLAIMED DISTRIBUTION WATER ANNUAL SUMMARY 2011

EPA METHODS PARAMETER JAN | FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MIN MAX | AVG
600/8-78-017 Total Coliform Bacteria, MPN/100 mL (7-Day Median) <11 11 11 <11 <11 11 11 11 1.2 11 12 11 <11 1.2 11
310.1 Alkalinity (as CaCO3) 215 180 229 180 181 188 201 220 284 211 233 260 180 284 215
Calc. Bicarbonate (HCO3) 262 220 279 220 221 229 245 268 346 257 284 317 220 346 262
215.2 Calcium (Ca) 84.9 84.5 90.9 85.7 81.7 82.6 945 92.1 96.1 97.7 86.5 88.5 81.7 97.7 88.8
130.2 Total Hardness (CaCO3) 418 364 387 354 348 356 402 411 438 410 374 404 348 438 389
375.4 Sulfate (SO4) 234 216 234 203 201 219 232 241 264 274 229 285 201 285 236
407A Chloride (Cl) 82.8 37.2 63 20.6 34.9 179 43.1 31.6 113 42.2 42.2 144 17.9 144 56.0
352.1 Nitrate as Nitrogen (NO3-N) 0.17 <0.1 0.19 <0.1 0.14 <0.1 0.12 <0.1 0.21 0.15 0.15 2.27 <0.1 2.27 0.3
354.1 Nitrite as Nitrogen (NO2-N) 0.10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.26 <0.1 <0.1 244 <0.1 244 0.3
300 Fluoride (F) 0.43 0.32 0.40 0.33 0.61 0.33 0.31 0.38 0.39 0.39 0.39 0.47 0.31 0.61 0.40
300 Bromide (Br) <0.1 | <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
350.3 Ammonia as Nitrogen 6.15 <0.1 6.34 <0.1 <0.1 <2 <1 <2 8.35 <0.1 8.96 10.1 <0.1 10.1 3.8
330.2.3 Chlorine Residual - Total* 3.71 4.99 4. 4.15 2.23 247 1.98 2.79 1.85 2.04 1.94 2.75 1.85 4.99 291
160.2 Total Suspended Solids (TSS)* 1.46 1.08 1.16 1.03 1. 1.09 1.17 1.26 191 1.46 1.45 1.33 1. 191 1.28
160.1 Total Dissolved Solids (TDS) 732 587 803 540 514 547 627 677 938 692 739 910 514 938 692
150.1 pH, Units 7.93 8.22 8.11 8.16 8.32 8.29 8.07 8.08 7.95 8.08 7.96 8.07 7.93 8.32 8.10
110.2 Color, apparent unfiltered 6 <5 8 <5 <5 <5 <5 <5 16 <5 7 17 <5 17 7
120.1 Conductivity (EC), umhos/cm 1101 803 1183 815 805 8.16 999 1108 1279 953 1133 1565 8.16 1565 979
180.1 Turbidity, NTUs 1.32 0.47 1.53 0.37 0.21 0.21 0.42 0.46 1.57 0.29 0.83 1.62 0.21 1.62 0.78
365.2 Phosphorous  (P) 0.3 <0.1 0.15 0.57 0.35 0.51 <0.10 <0.10 0.54 0.11 0.16 0.35 <0.10 0.57 0.28
212.3 Boron (B) 0.3 0.3 0396 | 0.292 | 0.336 | 0.340 | 0.373 | 0436 | 0532 | 0.392 | 0.371 | 0.548 | 0.292 0.548 | 0.385
2731 Sodium (Na) 105 62.8 112 44.8 41.6 42.4 48.4 57.6 136 62.4 94.0 157 41.6 157 80.3
258.1 Potassium (K) 12.5 4.20 13.3 2.84 2.94 3.26 3.88 6.30 17.2 3.78 10.3 17.4 2.84 17.4 8.16
2421 Magnesium (Mg) 37.4 35.0 40.8 31.2 34.0 33.6 3.56 37.4 44.8 47.6 40.6 46.6 3.56 47.6 36.0
Calc. Sodium Absorption Ratio  (SAR) 2.39 1.45 2.45 1.05 0.98 0.99 1.33 1.28 2.87 1.29 2.09 3.36 0.98 3.36 1.79
Calc. Adjusted Sodium Absorption Ratio (SARa) 5.50 3.23 5.78 2.34 217 9.34 12.49 12.02 27.00 12.17 19.64 | 31.60 217 31.60 11.9
206.2 Arsenic (As) _ _ 1.2 1.0 20.9 <1.0 18.7 11 4.3 49 16 12.7 1.2 16 <1.0 20.9 59
213.1 Cadmium (Cd) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
218.1 Chromium (Cr) <10 | <10 <1.0 <1.0 21 <1.0 14 1.8 <1.0 3.2 <1.0 <1.0 <1.0 3.2 14
220.1 Copper (Cu) <5.0 10.6 3.6 <5.0 7.4 5.1 5.1 5.1 10.1 <5.0 7.2 5.4 <5.0 10.6 6.2
236.1 Iron (Fe) 131 68 135 <30 <30 <30 87 98 181 <30 77 150 <30 181 87.3
239.2 Lead (Pb) <1.0 <1.0 2.8 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 2.8 1.2
2451 Mercury (Hg) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
246.2 Molybdenum (Mo) 7.6 7.4 7.3 5.7 5.7 6.0 6.2 52 7.1 4.9 6.5 1.7 4.9 1.7 6.4
249.1 Nickel (Ni) 2.7 3.0 39 29 2.8 3.0 35 24 34 3.0 31 41 24 41 3.2
270.2 Selenium (Se) 2.2 2.0 <1.0 1.0 14 1.7 2.2 11 1.7 <1.0 <1.0 1.7 <1.0 2.2 15
272.1 Silver (Ag) <1.0 11 8.5 6.1 2.6 10.9 17.5 <1.0 5.0 31 13.2 1.8 <1.0 175 6.0
289.1 Zinc (Zn) 31.9 10.5 16.3 17.2 15.7 16.6 13.0 10.8 16.4 9.3 73 231 7.3 31.9 15.7
* Monthly Average
All units are in mg/L unless otherwise indicated.
All Inorganic Trace Metals are in ug/L







CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

Minimum
EPA METHODS PARAMETER 2006 2007 2008 2009 2010 2011
600/8- Total Coliform Bacteria, 1.1 1.1 <1.1 <1.1 <1.1 <1.1
78-017 MPN/100 mL (7-Day Median) 0 0 242 0 0 0
310.1 Alkalinity (as CaCO3) 208 268 179 181 176 180
Calc. Bicarbonate (HCO3) 253.76 327 218 221 215 220
215.2 Calcium (Ca) 91.3 85.7 84.1 83.3 80.1 81.7
130.2 Total Hardness (CaCO3) 412 398 355 378 370 348
375.4 Sulfate (SO4) 276 263 226 237 249 201
407A Chloride (Cl) 157 78.7 27.9 68.1 47.2 17.9
352.1 Nitrate as Nitrogen (NO3-N) 1.2 0.24 0.24 0.45 <0.1 <0.1
354.1 Nitrite as Nitrogen (NO2-N) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
300 Fluoride (F) 0.18 0.36 0.26 0.40 0.32 0.31
300 Bromide (Br) <0.1 0.31 <0.1 <0.1 <0.1 <0.1
350.3 Ammonia as Nitrogen <1.0 15.7 0.22 0.7 1.68 <0.1
330.2.3 Chlorine Residual - Total* 3.35 4.85 2.49 1.57 1.38 1.85
160.2 Total Suspended Solids (TSS)* 1.1 1.48 1.17 1.72 1.19 1.
160.1 Total Dissolved Solids (TDS) 822 1021 720 702 642 514
150.1 pH, Units 7.67 7.59 7.85 7.53 7.44 7.93
110.2 Color, apparent unfiltered 7 11 5 <5 <5 <5
120.1 Conductivity (EC), umhos/cm 1130 1639 860 1031 919 8.16
180.1 Turbidity, NTUs 1.05 1.64 0.64 0.82 0.47 0.21
365.2 Phosphorous (P) 0.31 0.31 0.40 <0.1 <0.1 <0.10
2123 Boron (B) 0.45 0.41 0.36 0.34 0.32 0.292
273.1 Sodium (Na) 95 127 60.8 59.2 48.4 41.6
258.1 Potassium (K) 9.82 2.604 4.84 6.12 3.80 2.84
242.1 Magnesium (Mg) 44.6 35.0 324 35.6 33.6 3.56
Calc. Sodium Absorption Ratio (SAR) 1.99 2.80 1.29 131 1.12 0.98
Calc. Adjusted Sodium Absorption Ratio (SARa) 4.72 6.88 3.01 3.02 2.53 2.17
0 0 0 0 0 0
206.2 Arsenic (As) <0.001 <0.001 <0.2 1.3 1.3 <1.0
213.1 Cadmium (Cd) <0.01 <0.0001 <1.0 <1.0 <1.0 <1.0
218.1 Chromium (Cr) <0.02 0.0018 <1.0 <1.0 <1.0 <1.0
220.1 Copper (Cu) <0.01 0.0044 <0.2 1.5 3.1 <5.0
236.1 Iron (Fe) 0.1 0.081 0.120 48 92 <30
239.2 Lead (Pb) <0.001 <0.0001 <1.0 <1.0 <1.0 <1.0
245.1 Mercury (Hg) <0.0002 <0.0002 <0.2 <0.2 <0.2 <0.2
246.2 Molybdenum (Mo) <0.001 <0.001 5.2 6.8 6.9 4.9
249.1 Nickel (Ni) <0.06 0.0056 3.0 <1.0 2.0 2.4
270.2 Selenium (Se) <0.001 <0.001 <1.0 <1.0 13 <1.0
272.1 Silver (Ag) <0.01 0.0012 <1.0 <1.0 <1.0 <1.0
289.1 Zinc (Zn) <0.02 <0.02 1.6 12.7 11.0 7.3
* Monthly Average
All units are in mg/L unless otherwise indicated.
All Inorganic Trace Metals are in ug/L




CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

Average
EPA METHODS PARAMETER 2006 2007 2008 2009 2010 2011
600/8- Total Coliform Bacteria, 1.1 1.1 1.1 1.1 1.1 1.1
78-017 MPN/100 mL (7-Day Median) 0 0 242 0 0 0
310.1 Alkalinity (as CaCO3) 247 290 229 210 213 215
Calc. Bicarbonate (HCO3) 301 354 279 256 260 262
215.2 Calcium (Ca) 98.4 93.2 94.0 94.2 90.3 88.8
130.2 Total Hardness (CaCO3) 439 430 409 420 404 389
375.4 Sulfate (SO4) 294 286 263 283 275 236
407A Chloride (Cl) 272 247 162 163 147 56
352.1 Nitrate as Nitrogen (NO3-N) 4.4 0.91 2.05 3.48 1.3 0.3
354.1 Nitrite as Nitrogen (NO2-N) 0.9 1.3 0.5 1.2 0.3 0.3
300 Fluoride (F) 0.37 0.58 0.35 0.50 0.59 0.40
300 Bromide (Br) 0.5 0.81 0.3 0.1 0.2 <0.1
350.3 Ammonia as Nitrogen 12.5 22.1 6.90 5.3 6.25 3.8
330.2.3 Chlorine Residual - Total* 5.06 6.14 3.54 291 2.86 291
160.2 Total Suspended Solids (TSS)* 2.2 2.09 1.47 2.17 1.59 1.28
160.1 Total Dissolved Solids (TDS) 1178 1179 939 911 811 692
150.1 pH, Units 8.01 7.95 8.11 7.86 7.89 8.14
110.2 Color, apparent unfiltered 16.8 17.7 10.9 10.6 10 7
120.1 Conductivity (EC), umhos/cm 1873 1913 1462 1448 1287 979
180.1 Turbidity, NTUs 2.06 2.58 1.7 1.97 1.5 0.78
365.2 Phosphorous (P) 0.97 0.69 0.39 0.3 0.2 0.28
212.3 Boron (B) 0.58 0.58 0.49 0.43 0.40 0.385
273.1 Sodium (Na) 176 169 128 115 102 80.3
258.1 Potassium (K) 25.0 23.4 17.7 14.2 11.7 8.16
242.1 Magnesium (Mg) 49.4 42.7 404 | 414 | 414 | 360
Calc. Sodium Absorption Ratio (SAR) 3.65 3.63 2.77 2.48 2.24 1.79
Calc. Adjusted Sw“&::)sorpt'o“ Ratio 8.82 890 | 653 | 578 | 521 | 119
206.2 Arsenic (As) <0.001 0.001 2.0 3.0 3.0 5.9
213.1 Cadmium (Cd) <0.01 0.009 <1.0 1.3 1.8 <1.0
218.1 Chromium (Cr) <0.02 0.018 8.7 1.5 1.8 1.4
220.1 Copper (Cu) <0.01 0.010 3.3 4.7 5.3 6.2
236.1 Iron (Fe) 0.2 0.173 89.9 91.9 113 87.3
239.2 Lead (Pb) <0.001 0.001 <1.0 1.3 2.4 1.2
245.1 Mercury (Hg) <0.0002 <0.0002 <0.2 0.2 2.7 <0.2
246.2 Molybdenum (Mo) 0.005 0.005 7.4 8.2 7.3 6.4
249.1 Nickel (Ni) <0.06 0.055 4.7 3.6 4.1 3.2
270.2 Selenium (Se) <0.001 0.001 3.0 31 2.8 1.5
272.1 Silver (Ag) <0.01 0.010 3.9 2.5 2.8 6.0
289.1 Zinc (Zn) 0.03 0.12 17.9 19.3 20.1 15.7
* Monthly Average
All units are in mg/L unless otherwise indicated.
All Inorganic Trace Metals are in ug/L




CITY OF SANTA BARBARA - PUBLIC WORKS DEPARTMENT

WATER RESOURCES DIVISION LABORATORY

MONITORING AND REPORTING PROGRAM NO. 90-103

Maximum

EPA METHODS PARAMETER 2006 2007 2008 2009 2010 2011
600/8- Total Coliform Bacteria, 1.1 1.1 11 1.2 1.3 1.2
78-017 MPN/100 mL (7-Day Median) 0 0 242 0 0 0
310.1 Alkalinity (as CaCO3) 314 374 300 245 265 284
Calc. Bicarbonate (HCO3) 383.08 456 366 299 323 346
215.2 Calcium (Ca) 108.1 97.7 104.9 102 104 97.7
130.2 Total Hardness (CaCO3) 462 449 472 456 454 438
375.4 Sulfate (SO4) 322 308 301 337 330 285
407A Chloride (CI) 337 328 257 286 307 144
352.1 Nitrate as Nitrogen (NO3-N) 9.48 2.65 5.24 21.3 5.23 2.27
354.1 Nitrite as Nitrogen (NO2-N) 1.56 3.09 1.63 5.33 0.71 2.44
300 Fluoride (F) 0.6 2.04 0.42 0.63 0.90 0.61
300 Bromide (Br) 0.9 3.00 0.68 0.30 0.91 <0.1
350.3 Ammonia as Nitrogen 25.8 29.4 19.5 11.3 11.5 10.1
330.2.3 Chlorine Residual - Total* 8.15 7.68 4.43 4.16 4 4.99
160.2 Total Suspended Solids (TSS)* 6.53 2.8 2.35 2.78 2.15 1.91
160.1 Total Dissolved Solids (TDS) 1323 1505 1123 1090 976 938
150.1 pH, Units 8.33 8.26 8.24 8.23 8.17 8.32
110.2 Color, apparent unfiltered 25 28 20 17 18 17
120.1 Conductivity (EC), umhos/cm 2340 2100 1895 1828 1667 1565
180.1 Turbidity, NTUs 3.7 3.55 3.57 5.12 2.72 1.62
365.2 Phosphorous  (P) 1.7 2.1 <1.0 0.47 0.400 0.57
212.3 Boron (B) 0.71 0.78 0.62 0.55 0.5 0.548
273.1 Sodium (Na) 240 211 199 174 151 157
258.1 Potassium (K) 34.7 32.4 29.5 21.5 19.4 17.4
242.1 Magnesium (Mg) 54.6 51.0 49.2 46.0 47.4 47.6
Calc. Sodium Absorption Ratio (SAR) 4.8 4.31 4.23 3.80 3.40 3.36
Calc. Adjusted Sodium Absorption Ratio (SARa) 11.77 11.15 10.03 8.58 7.88 31.60
206.2 Arsenic  (As) <0.001 0.0021 7.8 <15.0 <15.0 20.9
213.1 Cadmium (Cd) <0.01 <0.01 <1.0 <5.0 <10.0 <1.0
218.1 Chromium (Cr) <0.02 <0.02 194 <5.0 <10.0 3.2
220.1 Copper (Cu) <0.01 0.011 6.3 21.5 11.2 10.6
236.1 Iron (Fe) 0.44 0.253 290 146 210 181
239.2 Lead (Pb) <0.001 0.0056 <1.0 <5.0 <10.0 2.8
245.1 Mercury (Hg) <0.0002 <0.0002 <0.2 <0.5 <30 <0.2
246.2 Molybdenum (Mo) 0.011 0.0108 11.0 9.8 <10.0 7.7
249.1 Nickel (Ni) <0.06 <0.06 6.5 5.2 <10.0 4.1
270.2 Selenium (Se) <0.001 0.0040 129 <15.0 <15.0 2.2
272.1 Silver (Ag) <0.01 0.013 15.7 12.7 11.2 17.5
289.1 Zinc (Zn) 0.04 0.429 31.8 30.6 29.8 31.9

* Monthly Average

All units are in mg/L unless otherwise indicated.

All Inorganic Trace Metals are in ug/L
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Total Coliform Bacteria (7 Day Median)

Total Coliform Bacteria - 7 Day Median (Min.)
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Marie Burbano, CDM Smith

Date: June 4, 2012

Subject:  Assessment Memorandum (AM) No. 3 — Filtration Alternatives

Purpose and Background

This technical memorandum (TM) evaluates treatment process alternatives for the filtration of
recycled water produced at the City of Santa Barbara’s El Estero Wastewater Treatment Plant (EI
Estero).

The purpose of this memorandum is to present several filtration treatment process alternatives
and provide a preliminary analysis to recommend a treatment process to accomplish the desired
water quality of the recycled water produced at El Estero. The treatment processes that are
considered in this evaluation are gravity deep bed filters, upflow continuous backwash media
filters, cloth or disk filters, and microfiltration (MF). The recommended treatment process will be
further developed during the preliminary design phase.

For all capital cost estimates, the following allowances have been included.
= 15% for engineering design and services during construction
= 5% for permitting, administration, and legal

For the life-cycle cost estimates, the following has been included.
= 20 year life cycle

= Unit power cost of $0.085/kWh. This is based on an evaluation of El Estero summer and
winter 2011 electricity bills. The summer was approximately $0.11/kWh, while winter
was $0.07 /kWh. Additional information from Chris Toth (City of Santa Barbara) on April
26, 2012 showed that the expected power purchased from the new Cogen facilities would
be $0.085/kWh, which was selected for the purposes of this study.

= 3.5% interest rate
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This TM is organized into the following sections.
= Filtration requirements
= Existing filter complex
= Filtration alternatives
= Filtration alternatives evaluation

= Recommendations

Filtration Requirements

Recycled water quality criteria and usage are specified in Title 22, Division 4 of the California
Code of Regulations (CCR). El Estero produces recycled water that meets the Title 22 criteria for
disinfected tertiary recycled water. Depending on the groundwater basin and recycled water
usage location, the Regional Water Quality Control Board (RWQCB) can include additional
requirements to Title 22. At El Estero, the Central Coast Region of the RWQCB lists the current
recycled water requirements in the Waste Discharge Requirements and Master Reclamation
Permit Order No. 97-44. Note that Title 22 was written after Order No. 97-44. However, the
requirements in Order No. 97-44 are more stringent than Title 22 and, therefore, apply to El
Estero.

Table 1 summarizes the primary water quality requirements for disinfected tertiary recycled
water.

Table 1 El Estero Recycled Water Permit Requirements per Order NO. 97-44

Turbidity 2 NTU (Mean)

5 NTU (Maximum)
Total Non-filterable Residue (Suspended solids) 10 mg/L (Mean)”

25 mg/L (Maximum)
Settleable solids 0.1 mL/L (Maximum)
Total dissolved solids 1,500 mg/L (Maximum)
Cadmium 0.01 mg/L (Maximum)
Lead 5.0 mg/L (Maximum)
Total Coliform Most Probable Number (MPN)3 2.2 per 100 mL (Average)

23 per 100 mL (Maximum)

"Maximum limit shall not be exceeded more than five percent of the time during any 24-hour period.
2Compliance shall be determined from the results of the five most recent samples.

*No sample shall exceed an MPN of 240 total coliform bacteria per 100 mL.
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Title 22 provides requirements for both filtered wastewater and disinfected tertiary recycled
water. For the purposes of this analysis, the filtered wastewater standards must be met using the
filtration alternative selected. Disinfection occurs at El Estero in the chlorine contact basin and
onsite storage reservoir.

Title 22 requirements for filtered wastewater are as follows.

"Filtered wastewater" means an oxidized wastewater that meets the criteria in subsection (a) or
(b):

(a) Has been coagulated and passed through natural undisturbed soils or a bed of filter

media pursuant to the following:

(1) Ata rate that does not exceed 5 gallons per minute per square foot of surface
area in mono, dual or mixed media gravity, upflow or pressure filtration
systems, or does not exceed 2 gallons per minute per square foot of surface area
in traveling bridge automatic backwash filters; and

(2) So that the turbidity of the filtered wastewater does not exceed any of the
following:

(A) Anaverage of 2 NTU within a 24-hour period;
(B) 5 NTU more than 5 percent of the time within a 24-hour period; and
(C) 10 NTU at any time.

(b)  Has been passed through a microfiltration, ultrafiltration, nanofiltration, or reverse
osmosis membrane so that the turbidity of the filtered wastewater does not exceed
any of the following:

(1) 0.2 NTU more than 5 percent of the time within a 24-hour period; and

(2) 0.5NTU at any time.”

All of the technologies evaluated in this TM meet the Title 22 requirements for filtered
wastewater.

Existing Filter Complex

The existing filter complex was constructed in 1988 as part of the City’s Water Reclamation
Project at El Estero. The existing chlorine contact basin and recycled water reservoir were
constructed at the same time.

The filters are single-media gravity filter type filters with an air/water backwash system. The
original manufacturer was General Filter Co., but this technology has since been purchased by
Siemens and is currently marketed as CenTROL® LP Conventional Gravity Filters. The filters
consist of four cells, each 14 ft x 14 ft and 20 ft deep with 4 ft of media depth. The design filter
loading rate is 750 gpm/cell (3.83 gpm/sq ft). At this nominal loading rate, the influent filter
loading capacity is 4.32 mgd, not accounting for backwash waste and time for backwashing of the
filters. Table 2 provides original design details for the existing filters.
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Table 2 Existing Filter Design

Description Details
Type Single-media gravity filter with air/water backwash
Manufacturer General Filter Co. (now owned by Siemens)

Flocculation chamber HRT

7 minutes at 3,000 gpm

Size 4 cells, 14 ft x 14 ft each
Media depth 4 ft
Filter rate 750 gpm/cell (3.83 gpm/sq ft) (results in 4.32 mgd)

The filters receive secondary effluent that is pumped through two filter supply pumps, one duty
and one standby. The filter supply pumps are supplied by a 48” secondary effluent pipe. Filter
supply pumps feed flow to the flocculation chamber. At the design flowrate of 3000 gpm, the filter
influent is in the flocculation chamber for approximately 7 minutes. Influent then flows into an
influent flume to a center distribution box. The distribution box consists of internal stilling baffles
and weirs, which are adjustable to divide flow to each of the filter cells. The design elevation of
the filter influent weirs is set at 32.00 ft. Figure 1 shows the hydraulic profile of the original plant
design for the filters. The full hydraulic profile, including the chlorine contact basin and reclaimed
water storage reservoir, can be found in the Water Reclamation Project Treatment Systems 1988
Record Drawings, Dwg No. G-11.
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Filter Hydraulic Profile
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A pneumatically operated valve is provided at the bottom of the distribution box for each cell,
which is open during normal operation and closed during a backwash cycle. Filter influent flows
through 4 ft of media, which was originally finely ground anthracite coal filter media ranging in
size from 1.4 mm to 1.6 mm. The filter media has not been recently replaced, although additional
media has been added on an as-needed basis. Figure 2 shows the general layout of the main
features in the current filters.
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Figure 2
Existing Filter Layout

Following filtration, filtered effluent flows to 16” effluent collection pipes located under the
underdrain. The effluent collection pipes have holes to provide distributed collection system for
each filter. Effluent collection pipes convey the water to a two-cell effluent chamber. An effluent
weir is set at 22.50 ft, resulting in maximum of 9.5 ft of headloss through the existing filters. Filter
effluent flows by gravity to the chlorine contact basin.
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Polymer and alum feed systems are provided for the filter complex, as well as the ability to add
chlorine as needed. Anionic and cationic polymer are supplied prior to a static mixer in the filter
influent line before the flocculation chambers. Alum and chlorine are added after the static mixer.

Repairs in a 2005 retrofit included the following: coating surfaces, replacing conduit, and
replacing valve operators.

Existing Backwash System

Online instrumentation is provided to monitor the water level in each cell. When the water level
in a cell has risen to approximately 8.5 ft above the filter media, a backwash cycle is designed to
automatically start for that cell. In addition, turbidimeters are provided to monitor the filter
effluent of each filter cell. The backwash system is designed to be controlled by an automatic
backwash controller.

During backwash, the influent to the filter cell is closed and water is designed to be allowed to
filter through until it reaches 1 ft above the effluent weir. At this point, the backwash waste valve
for that cell in the center column is opened and water drains into the backwash equalization
basin. When the water level reaches approximately the top of the backwash trough, the backwash
air blower starts which forces air through the filter media. Filter effluent will also flow up
through the media because the water level in the cell is less than the filter effluent chamber,
forcing the water to back up in the effluent plenum. Following a backwash, the filters are
operated as filter-to-waste to mitigate the potential of increased turbidity of the first flush.

Backwash water is collected in backwash troughs in the center column and sent in an 18” pipe to
the backwash equalization tank and then to the plant influent sewer. Filter-to-waste is also sent
to the backwash equalization tank.

Backwash air supply is provided by a low pressure air supply distribution header as part of the
backwash system. Two backwash blowers feed the low pressure air supply for backwash. An air
compressor pack, and an air dryer are utilized to operate filter function valves. Table 3 provides
the existing backwash system design details.

Table 3 Existing Backwash System Design

Description Details
Backwash rate 12 gpm/sq ft (2,400 gpm)
Backwash air rate 4 cfm/sq ft (780 cfm)
Backwash blowers 1 duty, 1 standby
Positive displacement, capacity 780 cfm

Existing Filtration Complex Limitations

Existing filter limitations include difficulty to meet effluent turbidity requirements, continuous
operational challenges, and operations and maintenance safety concerns. It is important to assess
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these limitations in order to evaluate what improvements to the existing system are needed and
if a new process would be beneficial over improving the existing system.

The existing filter complex is a compact process which eliminates the need for a filter gallery and
utilizes the effluent from other filters to backwash without the need for pumping. The process
also does not require complex filter effluent rate of flow controls and relies simply on hydraulics
with influent flow splitting and variable level filtration. The variable level is in response to
increased headloss in the media during a filter run. This also provides the operator with a clear
visualization of filter headloss without instrumentation. The overall headloss through this
system can also be less than other granular media filtration systems. Although there are many
positive features with this type of system, the current filter complex has clearly reached its useful
life. In addition, the focus on compact design has also contributed to some difficulties associated
with access. The materials of construction were also not optimized for a corrosive environment
as will be discussed herein.

Structural and corrosion problems with the existing filter complex are well documented in the
Corrosion Engineering Evaluation Report completed by HAE Engineers in January 2012. These
structural and corrosion problems cause operational safety concerns for plant staff. The results
of the study on the filter complex showed the following.

= Corrosion of multiple filter operational components, including the influent flume, influent
distributor, air wash valves and piping, backwash valves (Figure 3), valve controllers, etc.

= Corrosion of many structural elements including stainless steel columns (Figure 4) and
ladder braces.

= Deterioration and exposed aggregate on the concrete.
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Figure 3
Valve Corrosion
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Figure 4
Corrosion on Valve Control Rod Housing

The Corrosion Report also documents more than 70 photos of the filter complex and provides
recommendations for improvements. The City of Santa Barbara has enlisted a contractor to make
structural repairs to the filter complex so that plant staff can safely operate and maintain the
units. These repairs will be completed in 2012.

In addition to the repairs noted in the Corrosion Report, plant staff has also expressed concern
about maintenance access. The underdrain access is limited in the existing filters and only
achieved through four 24” manholes located at each filter. This difficult confined-space entry
creates operational challenges for assessing and maintains the filter underdrain and backwash
system. There are also safety concerns entering this tight confined-space. Figure 5 is a
photograph of the underdrain access point.
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Figure 5
Underdrain Access Point

The filter media has not had a complete replacement in recent memory according to plant staff.
Although filter media has been added periodically, this has not been a frequent occurrence.
Therefore, the quality of the current filter media is questionable because filter media is typically
inspected and replaced on a routine basis.

The filter effluent turbidity is variable and results in required blending with potable water to
meet recycled water turbidity permit limits. Previous studies have shown that improvements to
the secondary system are needed to improve filtered water quality due to the particle size that is
leaving the secondary system and passing through the filters. Secondary improvements are
currently in design at El Estero.

Filter effluent water quality may also be limited by the backwash process with the current filters.
The existing liquid backwash system is limited in head to only the head available from the
effluent chamber, instead of a separate backwash pumping system. This will frequently not
provide the bed disruption needed to properly clean the filter for the next filter run.

Finally, one of the greatest challenges to operations is the instrumentation and controls with the
existing filter complex. In recent years, the online instrumentation and automated backwashing
has not been effective. As a result, plant operators will typically have to perform manual
backwash cycles when the filters are running. Additionally, the control panel for backwashes is
located in the middle of the structure. For operator safety, this should be located outside of the
structure so that the operators do not need to walk on over-water walkways and platforms to
access this important control panel. Access to control instrumentation such as level sensors is
limited as well.
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Filtration Alternatives

This section analyzes filtration technologies that meet Title 22 and permit limits including gravity
deep bed filters, upflow continuous backwash media filters, cloth or disk filters, and
microfiltration (MF). These alternatives are being evaluated to determine the best approach
moving forward for filtration at El Estero. The overall selection process for filtration and
demineralization is described in TM1. There is a description of each technology, water quality
considerations, and a description of the proposed improvements for El Estero.

For the technologies listed, it is assumed that the planned secondary improvements will be
implemented prior to installation of the filtration alternative. Table 4 provides the assumed
secondary effluent quality that will be influent to the filters.

Table 4 Assumed Secondary Effluent Quality After Secondary Improvements at El Estero

Parameter Level

Biochemical Oxygen Demand (BOD) 10 mg/L
Total Suspended Solids (TSS) 10 mg/L
Turbidity <10 NTU

Filtration will be prior to any proposed demineralization. TM 5 provides a full alternative analysis
for demineralization. For the purposes of this filtration analysis, it is assumed that reverse
osmosis (RO) is the preferred alternative for demineralization. For any flow going through the
RO, MF pretreatment is highly preferred. For the first four technologies listed (gravity deep bed
filters, upflow continuous backwash media filters, cloth or disk filters), a sidestream of MF will be
required prior to the RO. For the full MF alternative, no additional sidestream RO pretreatment is
required.

Flow requirements for filtration are detailed in TM1. For the filtration alternative, it is assumed
that the design capacity of the product water after filtration and demineralization is 2.7 mgd.

Retrofit of Existing Gravity Deep Bed Filters

Description of technology

Gravity deep bed filters typically have a media depth of greater than 40”. The required filtration
loading rate to meet Title 22 is less than 5 gpm/sf. The existing filters are considered gravity deep
bed filters. A full description of the operation of the existing deep bed gravity deep bed filters is
provided in the review of the existing system. The existing deep bed filters meet these criteria.

Water quality considerations

As previously stated, the improvements to the secondary process at El Estero will be necessary in
order to use gravity deep bed filters for filtration. This is because, based on pervious studies,
turbidity and, particularly, the particle sizes currently coming out of the existing secondary
clarifiers results in a filtration influent that is difficult to filter with the current gravity deep bed
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filters. This is further evidenced by the limited operation of the existing filters due to high effluent
turbidity. For the purposes of this evaluation, it is assumed that the secondary improvements will
be completed to meet a TSS of less than 10 mg/L out of the secondary clarifiers on an average
basis.

Media selection is important in a gravity deep bed filter based on treating influent and meeting
effluent water quality requirements. The selection of single or dual media should be evaluated
during design if this technology is selected. In a dual media filter, a coarser media for a slight
contact clarification step first would be preferred where the coagulated water hits the media. A
finer media below could help with reducing turbidity. A full depth monomedia needs to meet
both objectives. However, a dual media filter will result in more headloss. A pilot study would be
recommended to optimize chemical pretreatment and media configuration. In addition, a pilot
filter could be retained to facilitate future chemical pretreatment optimization evaluations in the
future.

As previously stated, the existing liquid backwash system is limited in head to only the head
available from the effluent chamber. Although this is a simple backwash system as it does not
require a separate pump, it frequently will not provide the bed disruption needed to properly
clean the filter. As an improvement, backwash water supply should be provided from the filtered
water clearwell using backwash pumps. This will improve ongoing water quality and filterability.

If demineralization is required, a sidestream MF system would be needed following the gravity
deep bed filters because the RO would need MF for pretreatment (see TM No. 4 for additional
information).

Description of improvements

An extensive restoration of the existing gravity deep bed filters is recommended as an
improvement to accomplish operations, safety, and water quality goals. The following
improvements would be recommended for the retrofit of the existing filters.

= Demolition as needed for replacements of structures listed below.

= Replace influent flume, influent distribution structure, pipe, and valves. Note that the
influent distribution structure may need to be custom-made to match the existing
structure.

= Replace backwash troughs.
= Replace the walkway.
= Replace all backwash to waste piping and backwash air piping.

= Replace filter media.
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= Replace filter feed pumps.

= Replace underdrain with a new underdrain system that is low profile and will improve
overall air and water distribution. Alternatives include M-block style as well as monolithic
underdrains using a nozzle system. Consideration to the height required for the
underdrain and plenum would need to be considered.

= Add new pumps for pressurized backwash water flow. Two backwash pumps (one duty,
one standby) are recommended in the effluent channel. The backwash header should be
piped such that the effluent plenum each individual filter can be pressurized to provide
backwash. The existing waste backwash system should be retained but all the backwash
valves should be replaced.

= Provide adequate coating in the tank, flume, through and walkway supports to protect
against future corrosion.

= Relocation/replace the control cabinet. The control cabinet is currently located in the
center of the filter structure. This should be relocated to the side of the filter so that
operators do not need to walk on the platform to access the control panel.

= Provide maintenance to the stainless steel shaft and replace piping/valve and motors.

= Replace and relocate filter instrumentation. Filter instrumentation, including level sensors
and turbidity monitors, should be replaced and relocated so that they are easily accessible
by plant operators.

Projected costs

Capital costs for the rehabilitation to the existing filters include the improvement items listed
above. The estimated capital cost to rehabilitate the existing gravity deep bed filters is $3M. The
annual costs for the existing filters include power required for influent pumping and backwash
air and water flow as well as chemical pretreatment for coagulation. The annual cost for the
existing filters is estimated at $40,000.

The estimated capital cost for a sidestream MF as a pretreatment for RO is $1.9M. Annual cost for
the sidestream MF is an additional $40,000. The sidestream MF is described in the Media
Filtration section of this TM.

The total 20-year lifecycle cost for the rehabilitation to the existing filters with sidestream MF as
a pretreatment to RO is $6.1M.

Upflow Continuous Backwash Filters

Description of technology
The upflow continuous backwash filter is a Title 22 approved granular medium sand filter
technology. The system is an upflow, deep bed, continuously backwashing filter. The criteria for
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these system in the Title 22 approved technology list is for a filtration rate of less than 5 gpm/sf,
along with 40-inch of sand media.

A flow distribution system is needed to distribute flow to each filter cell equally with isolation
valves needed to take a cell offline. Influent flows into the base of the sand filter beds and
subsequently flows upward through a sand media bed that is concurrently moving in a
downward direction. Filtered effluent is removed from the top of the filter cells and is combined
into a common effluent header. Schematics of the upflow continuous backwash filters are shown
in Figure 6.

Effluent

Influent

)
Figure 6

Upflow continuous backwash filter schematics
The filters are designed to allow for simple isolation of individual filter cells. There are no local
pumps, blowers, or actuated valves required for operation of the filters, and there are low power
loadings only due to a compressor that is required for continuous backwashing. The
minimization of ancillary components such as automatic valves, blowers, and pumps provides
energy efficiency, reduces facility maintenance, and minimizes electrical end rush loadings
associated with starting and stopping equipment to perform backwashes.

Solids are continuously backwashed due to the constant recirculating airlift located in the center
of each filter module. The airlift is generated by a common air compressor for the entire filter
gallery. Sand media is pulled into the airlift and is continuously scoured within the airlift pipe
thereby removing solids from the sand media. Solids are carried to the top of the airlift pipe and
conveyed to waste while the clean sand is returned to the top of the downwardly moving sand
bed.

The filters are protected from sunlight and debris via a fine grating located on the top of the filter
structure that also provides access for maintenance staff.
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Water quality considerations

As previously stated, the improvements to the secondary process at El Estero will be necessary in
order to use upflow continuous backwash filters for filtration. This is because the upflow
continuous backwash filter is a media filter, and will likely perform similarly to the existing
gravity deep bed filters in terms of water quality. The continuous backwash filter, which is
continuously backwashing, can improve filter run time and treated water quality. For the
purposes of this evaluation, it is assumed that the secondary improvements will be completed to
meet a TSS of less than 10 mg/L out of the secondary clarifiers on an average basis. These filters
may be able to accommodate a wider range of influent conditions than the gravity deep bed
filters due to the continuous backwashing, but secondary improvements will still be needed.

If demineralization is required, a sidestream MF system would be needed following the gravity
deep bed filters because the RO would need MF for pretreatment (see TM No. 4 for additional
information).

Description of improvements

Continuous backwash filters can be configured to fit into the site footprint of the existing
structure or in a new structure. This will require that the existing filters be taken out of service
during construction. If configured into the existing structure, the internal components of the
structure would be demolished and replaced with the new filters.

Projected Costs

The estimated capital cost for upflow continuous backwash filters retrofit into the existing filter
structure is $2.9M. The annual costs for the upflow continuous backwash filters include power
required for influent pumping and backwash as well as chemical pretreatment for coagulation.
The annual cost for the upflow continuous backwash filters is estimated at $40,000.

The estimated capital cost for upflow continuous backwash filters in a new structure is $6.6M.
The annual costs is the same as in the existing structure.

The estimated capital cost for a sidestream MF as a pretreatment for RO is $1.9M. Annual cost for
the sidestream MF is an additional $40,000.

The total 20-year lifecycle cost for the upflow continuous backwash filters retrofit into the
existing filter structure with sidestream MF as a pretreatment to RO is $6M.

The total 20-year lifecycle cost for the upflow continuous backwash filters in a new filter
structure with sidestream MF as a pretreatment to RO is $7.8M.

Disk Filters

Description of technology
Disk filters are set up in a series of disks using cloth media. Typical configurations are 8 to 12
disks per channels. The filters operate with the cloth media completely submerged. The disks are
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typically stationary. Flow can either operate on an inside-out or outside-in configuration. In the
inside-out configuration, flow enters the inside of the disk and flows to the outside where it is
collected for reuse. Solids collect in the center for removal. In the outside-in configuration, flow is
in the overall channel and filtered effluent is collected in the center of the disks.

Filter media can be woven (Figure 7) or pile (Figure 8) media. Both technologies are Title 22
approved, although the woven media can provide more consistent filtered water quality due to
the consistent size of the openings. However, the pile media allows solids to accumulate, which
results in longer times between backwashes as compared with the woven media.
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Figure 7 — Woven Media Figure 8 — Pile Media

Solids are backwashed from the cloth media surface via pumps that pull suction on the cloth
surface, thereby removing accumulated solids from the cloth surface. The disks slowly rotate
during a backwash cycle, with two disks backwashing at a time. The backwash process can be
intermittent or continuous depending on influent water quality and loading rate. The filter
backwash can be initiated either by a timer or by the water level in the filter basin. Because solids
accumulate at the bottom of the channel, the filters can be backwashed without interrupting filter
operation.

Figure 9 is a configuration of a typical disk filter, and Figure 10 shows a disk filter installed,
without water in the basin. When operating, the disks are covered with water.
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Figure 9. Typical disk filter configuration (Aqua Aeorbics AquaDisk® technology used for example)

Figure 10. Installed disk filter
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Water quality considerations

There are water quality limitations on the influent to the disk filters to provide Title 22 required
effluent turbidity. These requirements are typically more stringent than the media filter
technologies (i.e. gravity deep bed filters or upflow continuous backwash filters). For example,
for the AquabDisk filters, the secondary effluent turbidity must not exceed 5 NTU for more than 15
minutes and never shall exceed 10 NTU. In addition, there must be the ability to automatically
activate chemical addition or divert wastewater from the filter if the influent turbidity exceeds 5
NTU for more than 15 minutes.

Description of improvements

Disk filters can be configured to fit into the site footprint of the existing structure or in a new
structure. If configured into the existing structure, the internal components of the structure
would be demolished and replaced with the new filters.

Projected Costs

The estimated capital cost for a retrofit of cloth or disk filters in the existing filter structure is
$2.6M. The annual costs include power required for pumping for the influent and backwash as
well as chemical pretreatment for coagulation. The annual cost for the existing filters is estimated
at $40,000.

The estimated capital cost for a sidestream MF as a pretreatment for RO is $1.9M. Annual cost for
the sidestream MF is an additional $40,000.

The total 20-year lifecycle cost for a retrofit of cloth or disk filters in the existing filter structure
with sidestream MF as a pretreatment to RO is $5.8M.

Membrane Filtration

Description of technology

Microfiltration (MF) and Ultrafiltration (UF) are the two processes that are most often associated
with the term “membrane filtration” and are alternatives to the media or cloth/disk filters
discussed previously. These membranes provide a physical barrier, resulting in more complete
rejection of particles greater than a specified size (on the order of 0.1 um for MF and on the order
of 0.01 pum for UF). Membranes of this kind remove particles down to such small sizes that they
both remove pathogens and also particles that adversely affect the aesthetic appearance of the
water. Membrane filtration has been successfully employed for several years in the treatment of
secondary effluent to make it suitable for reverse osmosis.

In recent years, competition among manufactures and increasing number of successful
installations has dramatically decreased both initial and long-term costs of membrane filtration.

Polymeric membranes are formed using either cellulose acetate (CA) or synthetic polymers, such
as polypropylene (PP), polyvinylidene fluoride (PVDF), polysulfone (PS), or polyethersulfone
(PES). The various membrane materials have different properties, including pH and oxidant
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sensitivity, and hydrophobicity (see Table 5). Most synthetic polymeric membranes are naturally
hydrophobic and only upon surface modifications do they become hydrophilic. Therefore, these
membranes have a special storage requirement -- they must be stored wet or filled with a wetting
agent. If allowed to dry, they may experience a change in structure resulting in a loss of
membrane permeability.

Table 5 Characteristics of Selected Membrane Materials

Fouling
Resistance/
Cleanability

Membrane Oxidant

Membrane Material Hydrophobicity

Classification Tolerance

P°'V‘"”V("Pd\fg§)ﬂ”°“de MF/UF Modified hydrophilic Very High 2-11 Excellent

Polypropylene (PP) MF Slight hydrophobic Low 2-13 Acceptable

Polyethersulfone (PES) UF Very hydrophilic High 2-13 Very good
Polysulfone (PS) UF Modified hydrophilic Moderate 2-13 Good
Cellulose acetate (CA) UF Naturally hydrophilic Moderate 5-8 Good

(Adapted from Microfiltration and Ultrafiltration Membranes for Drinking Water, Manual of Water Supply Practices, M53)

Although polymeric MF/UF membranes are found in many configurations (hollow fiber, spiral
wound, flat sheet, plate and frame), hollow fiber is recommended. These fibers have an inside
diameter ranging from 0.4 to 1.0 mm and a wall thickness ranging from 0.07 to 0.6 mm (see
Figure 11). The physical strength of the fibers allows them to be backwashed.

Hollow-fiber membranes are operated in either an inside-out or outside-in mode. During inside-
out operation, the feed enters the fiber lumen and passes through the fiber wall to generate
filtrate (Figure 11b). During outside-in operation, the filtrate is collected in the fiber lumen after
the feed is passed through the membrane.

The pressure that is used to drive water through the membrane material is termed as
transmembrane pressure. Depending upon the way membrane modules are pressurized, they are
available in two basic configurations: pressure-vessel systems (Figure 12) and submerged
systems (Figure 13). Pressure systems are operated under positive pressure (between 3 to 50
psi) and submerged system are under negative pressure (between -1 to -12 psi). Submerged
systems tend to accommodate larger modules than pressure vessel systems and eliminate the
need for pressure vessels to house the membranes. Additionally, submerged systems generally
require fewer valves and piping connections with large facilities (greater than 10-20 mgd).
Pressure vessel systems are generally more advantageous for facilities smaller than 10 mgd, have
a greater degree of competition in the market, and are recommended for El Estero..
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Figure 11

Hollow Fiber Membranes:

(A) Scanning electron microscope
image of end view with cacrovoids
for water passage,

(B) Example of a hollow fiber
module

(C) Water permeating through
hollow fibers
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Figure 12
Pressure Vessel Configuration Membrane Filtration (Pall Corporation System)

Figure 13
Submerged configuration membrane filtration (Siemens Water Technologies)

Table 6 provides a list of key low-pressure membrane manufacturers in the USA. Most membrane
filtration manufacturers currently produce membranes in the ultrafiltration size range rather
than the microfiltration, however, there are very little differences observed in the performance or
water quality that can be attributed to the classification as either UF or MF. For the remainder of
this discussion, the term MF will be used to connote both types of membrane filtration.
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Table 6 List of Key Low-Pressure Membrane Manufacturers in the USA

Manufacturer Representative product name Product specification
Pall Corporation Microfiltration module (Microza Hollow fiber, pressurized system, outside-in flow, 0.1
hollow fiber USV modules) micron pore size, PVDF material
Siemens Microfiltration or Ultrafiltration Hollow fiber, pressurized or submerged system,
modules (Memcor XP and CMF) outside-in flow, 0.04-0.1 micron pore size, PP or
PVDF material
X-Flow (Pentair) Ultrafiltration modules (Aquaflex) Hollow fiber, pressurized system, inside-out flow,

0.025 micron pore size, PES material

Zenon (GE Water & Ultrafiltration modules (ZeeWeed® Hollow fiber, submerged or pressure system,
Process Technologies) 500 and ZeeWeed® 1000) outside-in flow, 0.02-0.1 micron pore size, PVDF
material
Toray Ultrafiltration modules (HFU and Hollow fiber, pressurized system, outside-in flow,
HSU) 0.01-0.02 micron pore size, PVDF material
Dow Ultrafiltration modules (SFD) Hollow fiber, pressurized system, outside-in flow,

0.02 micron pore size, PVDF material

Membrane Cleaning

Two types of chemical cleaning regimens are typically performed: (1) chemically enhanced
backwashes (CEBs) to maintain the day by day membrane permeability, and (2) chemical clean-
in-place (CIP) to restore the membrane permeability between phases or when the TMP reaches
the terminal value (approximately 35 psi).

CEBs are preventive cleans performed in place at specified regular intervals to maintain the
permeability of the membrane at an acceptable level. Typically, CEBs occur once every 1 to 7
days. During these types of cleanings, the membranes will be exposed to chemicals such as
sodium hypochlorite, citric acid, and caustic soda, for a short period of time (<15 minutes). Other
chemicals including strong acids may be used depending on the supplier’s membrane chemical
compatibility and foulants of concern. Chemical concentrations will depend on the severity of the
organic or inorganic membrane fouling. Before resuming production, chemical residuals must be
flushed out from the membrane tank. Typically, the equipment supplier is responsible for
providing input for the optimization of the CEB cleaning regimen.

CIP cleans are an intensive chemical cleaning used to restore the membrane permeability to pre-
fouled conditions. This intensive cleaning are typically performed roughly once every 30 days as
needed, although longer cleaning intervals may be used if reliable operation is maintained. The
chemicals used for recovery cleanings will depend on the severity of the organic or inorganic
membrane fouling, and can include sodium hypochlorite, sodium hydroxide, and citric acid or
other comparable acids. This cleaning is performed in place, requires a significant soaking or
recirculation time (>4 hours), and typically uses higher chemical concentrations than CEBs.
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Water quality considerations

As previously stated, MF can be used as a pretreatment to RO. MF filtered water quality is
typically very consistent in terms of removal of suspended solids (measured as turbidity). The
turbidity will be less than 0.1 NTU during operation, regardless of the quality of source water to
the membranes. MF also achieves higher removals of bacteria and other viable microorganism,
which significantly reduces the biofouling potential of the RO feedwater.

MF can typically handle a wider range of influent water quality (i.e. secondary effluent water
quality at El Estero) than the granular media or cloth filter technologies. In the case of MF, it is
likely that secondary improvements will not be necessary prior to filtration to provide high
effluent quality for recycled water.

Description of improvements
MF would be installed on the same site at the existing filters. The MF units along with tankage for
chemicals would be required and can fit in the existing filter footprint.

Projected Costs

The estimated capital cost for a full MF system is $6.5. The annual costs include power required
for pumping the influent and backwash as well as chemicals for pretreatment and cleaning. The
annual cost for the MF system is estimated at $100,000.

The total 20-year lifecycle cost for a full MF system is $7.9M.

A sidestream MF system would be implemented as a pretreatment to RO if other alternatives are
selected. The flow for a sidestream MF will meet only the flow that must go through RO. The
estimated capital cost for a sidestream MF as a pretreatment for RO is $1.9M. Annual cost for the
sidestream MF is an additional $40,000. The life-cycle costs for sidestream MF are evaluated in
other alternatives.

Filtration Alternatives Evaluation

In order to evaluate filtration alternatives, criteria were developed and scored during an April 9,
2012 workshop with City staff. The purpose of this workshop was to develop criteria to compare
filtration alternatives. The process started with brainstorm to identify list of criteria. The list was
narrowed down to the 6 most important criteria. Each meeting attendee then prioritize this list
with weights, where 1 = low priority, and 5 = high priority. The weights were averaged and
discussed to develop the final criteria and weights, provided in Table 7.
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Table 7 Evaluation Criteria
Criteria Weight

Increase ease of O&M and safety for plant staff

Optimize site layout

Minimize recycled water system shutdowns

Improved water quality: reduce turbidity & TDS

Minimize blending

s sl v & W[ w,

Life-cycle cost

Note: 1 = low priority, 5 = high priority

This section analyzes filtration technologies against the evaluation criteria listed.

Gravity Deep Bed Filters - Retrofit of Existing Filters

Table 8 is a summary of the scores for the alternative of retrofitting the existing filters but
keeping the same basic layout and technology. Included are both the scores as well as a
description of the rationale behind the score. The weighted scores are the scores times the
weights provided in Table 6 for the evaluation criteria

Table 8 Evaluation Summary for Gravity Deep Bed Filters with Sidestream MF

Criteria Rationale Score R

Score
e Continued difficult underdrain access, even with
O&M and safety improvements 3 15

e Regular starts and stops for backwashing

e Ongoing use of full existing site, while total flow may
Optimize site layout result in less site footprint required if alternatives were 2 6
chosen

e Requires consistent, good secondary effluent qualit
Minimize shutdowns 4 & y 4 y 3 12

e Turbidity will be less than 2 NTU, but not as low as full
Reduce turbidity & TDS MF 3 15
e Does not reduce TDS without sidestream MF and RO

Minimize blending e With sidestream MF and RO, blending will be minimized 5 20
Life-cycle cost e Twenty-year lifecycle cost = $6.1M 4 16
Total Weighted Score 84

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Upflow Continuous Backwash Filters

Two evaluation summaries are provided for the upflow continuous backwash filters. The first,
provided in Table 9, is for the technology retrofit into the existing filter structure. The second,
provided in Table 10, is for the technology in a new filter structure.
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Table 9 Evaluation Summary for Upflow Continuous Backwash Filters in Existing Filter Structure with
Sidestream MF

Weighted

Criteria Rationale Score
Score

e Potentially awkward configuration in an attempt to retrofit in

existing filter structure

O&M and safety e Common technology, typically automated and operator friendly 3 1

e No requirement for shutdowns due to backwash cycles

e Ongoing use of full existing site, while total flow may result in

Optimize site layout . . . . -
P ¥ less site footprint required if alternatives were chosen

e Requires consistent, good secondary effluent quality, but could
Minimize shutdowns accommodate a wider range than the gravity deep bed filters 4 16
due to the continuous backwashing

Reduce turbidity & e Turbidity will be less than 2 NTU, but not as low as full MF

TDS ¢ Does not reduce TDS without sidestream MF and RO 4 20
Minimize blending e With sidestream MF and RO, blending will be minimized 5 20
Life-cycle cost e Twenty-year lifecycle cost = S6M 4 16

Total Weighted Score 93

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Table 10 Evaluation Summary for Upflow Continuous Backwash Filters in a New Filter Structure with
Sidestream MF

Weighted

Criteria Rationale Score
Score
e Common technology, typically automated and operator friendl
O&M and safety . &Y, typically P Y 4 20
® No requirement for shutdowns due to backwash cycles

o Filters can typically be in a small footprint, but cloth filters and

Optimize site layout MF typically require less overall footprint

e Requires consistent, good secondary effluent quality, but could
Minimize shutdowns accommodate a wider range than the gravity deep bed filters 4 16
due to the continuous backwashing

Reduce turbidity & e Turbidity will be less than 2 NTU, but not as low as full MF

TDS e Does not reduce TDS without sidestream MF and RO 4 20
Minimize blending o With sidestream MF and RO, blending will be minimized 5 20
Life-cycle cost o Twenty-year lifecycle cost = $7.8M 3 12

Total Weighted Score 97

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Disk Filters

Table 11 is a summary of the scores for the alternative of retrofitting disk filters into the existing
filter structure. Included are both the scores as well as a description of the rationale behind the
score.
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Table 11 Evaluation Summary for Disk Filters in Existing Filter Structure with Sidestream MF

Criteria Rationale Score BTG
Score

Potentially awkward configuration in an attempt to
retrofit in existing filter structure

O&M and safety Common technology, typically automated and operator 4 20
friendly
No requirement for shutdowns due to backwash cycles
Ongoing use of full existing site, while total flow may

Optimize site layout result in less site footprint required if alternatives were 4 12
chosen
Requires consistent, good secondary effluent quality

Minimize shutdowns Will require shutdowns if secondary effluent quality is 3 12
poor
Turbidity will be less than 2 NTU, but not as low as full

Reduce turbidity & TDS MF 3 15
Does not reduce TDS without sidestream MF and RO

Minimize blending With sidestream MF and RO, blending will be minimized 5 20

Life-cycle cost Twenty-year lifecycle cost = $5.8M 4 16

Total Weighted Score 95

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit

Membrane Filtration (MF)

Table 12 is a summary of the scores for the full MF alternative. Included are both the scores as
well as a description of the rationale behind the score.

Table 12 Evaluation Summary for MF with Sidestream MF

Criteria Rationale Score BTG
Score

Completely enclosed MF vessels

O&M and safety Skid shutdowns required due to backwash cycles 4 20
Chemicals onsite for MF CIP

o Can fit into tight site footprint

Optimize site layout 4 12
Does not require an additional sidestream MF system
Can accommodate variations in secondary effluent

Minimize shutdowns water quality 5 20
Consistently provides excellent effluent water quality
Provides best turbidity of all the filtration options

Reduce turbidity & TDS zig\éirdslstgctlidoi:c;r;alligsscteria removal as compared with 5 25
Does not reduce TDS without sidestream RO

Minimize blending With sidestream RO, blending will be minimized 5 20

Life-cycle cost Twenty-year lifecycle cost = $7.9M 3 12

Total Weighted Score 109

Note: 1 = lowest score or least benefit, 5 = highest score or greatest benefit
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Evaluation Summary

In summary, five alternatives were analyzed. These include the following.
= Gravity deep bed filters (i.e. rehabilitation of existing filters) with sidestream MF

= Upflow continuous backwash media filters in the existing filter structure with sidestream
MF

=  Upflow continuous backwash media filters in a new filter structure with sidestream MF
= Disk filters in the existing filter structure with sidestream MF
=  MF for the full filtration flow

Table 13 summarizes the cost evaluation of the various alternatives.

Table 13 Lifecycle Cost Evaluation Summary
Rehab Existing

Disk Filters in
Existing/ Full MF
Sidestream MF

Upflow in Existing New Upflow/

Filters/ / Sidestream MF Sidestream MF

Sidestream MF

Capital Cost $4.9M $4.8M $6.6M $4.6M $6.5M
Yearly O&M Cost $0.08M $0.08M $0.08M $0.08M $0.1M
ZO'YeagoLge'cyc'e $6.1M $6M $7.8M $5.8M $7.9M

Life-cycle cost
score*

Table 14 provides the complete filtration assessment scores for each alternative.
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Table 14 Evaluation Summary

Rehab Existing Upflow in Disk Filters in
Filters/ Existing /

New Upflow/

i Existing/
Sidestream Sidestream Slde:;::eam Sidestream
MF MF MF

Criteria Weight

O&M and safety 5 3 3 4 4 4
Optimize site layout 3 2 2 3 4 4
Minimize shutdowns 4 3 4 4 3 5

Reduce turbidity & TDS 5 3 4 4 3 5
Minimize blending 4 5 5 5 5 5
Life-cycle cost 4 4 4 3 4 3
Total Score 84 93 97 95 109
Recommendation

Based on the evaluation criteria and filter scores, the full MF alternative is the recommended
technology to proceed with for preliminary design. MF will provide excellent water quality for
recycled water users and is a sufficient pretreatment for sidestream RO.

Figure 14 shows a conceptual site layout for the full MF system, with a sidestream of RO
treatment in the solids handling building.

Existing Solids
Handling Building

Proposed future
RO skid

Proposed future MF skids
and associated tankage
(on existing filter site)

Figure 14. Conceptual MF layout
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Greg Wetterau, CDM Smith

Date: June 4, 2012

Subject:  Assessment Memorandum (AM) No. 4 — Demineralization Alternatives

Purpose and Background

This technical memorandum (TM) evaluates treatment process alternatives for the
demineralization of recycled water produced at the City of Santa Barbara’s El Estero Wastewater
Treatment Plant (El Estero).

The purpose of this memorandum is to present several demineralization treatment process
alternatives and provide a preliminary analysis to recommend a treatment process to accomplish
the desired demineralization of the recycled water produced at El Estero. The treatment
processes that are considered in this evaluation are reverse osmosis (RO), nanofiltration (NF),
electrodialysis reversal (EDR), and blending. The recommended treatment process will be further
developed during the preliminary design phase.

El Estero is an 11 mgd wastewater treatment plant that was initially constructed in 1951; the
plant has primary sedimentation, secondary processing, tertiary filtration, and disinfection. As
part of El Estero, the City produces an average of 847 acre-feet per year (AFY) of Title 22 recycled
water for 60 to 80 users, according to the 2009 Recycled Water Expansion Assessment. The City
is committed to providing recycled water to system users who depend on the reliability of the
recycled water system.

Recently, the water produced by the tertiary filters has not been able to reliably meet the
required turbidity limit of less than 2 nephelometric turbidity units (NTU). The influent
wastewater is also relatively high in total dissolved solids (TDS). As a result, the City currently
blends with potable water to decrease turbidity and TDS in the recycled water. A planned
improvement to the secondary treatment system will likely reduce secondary effluent turbidity,
making the secondary effluent more amenable to filtration, and allowing the tertiary filter
turbidity limit to be more easily met without blending. Even with these wastewater process
improvements, however, the aging infrastructure of the filters may still require rehabilitation,
retrofit or possibly replacement to reliably meet the turbidity limits. Evaluation of filter

Document code csDM
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rehabilitation alternatives is provided in TM3 - Filtration Alternatives, evaluating multiple
filtration alternatives to comply with the plant turbidity limits.

TDS varies greatly between the potable water system, where it averaged 599 mg/L at the Cater
Water Treatment Plant in 2011, and the wastewater treatment plant effluent, where it averaged
1,160 mg/l in the secondary effluent in 2011. This increase of more than 560 mg/L TDS is
believed to be caused by a combination of normal domestic water uses, infiltration and inflow
from high salinity groundwater, and TDS added by domestic and commercial water softeners.
The sources of salinity in the wastewater are discussed in a separate TM (Investigation of TDS
from Water Softeners and Seawater Infiltration, May 29, 2012). The City’s goal is to reduce TDS
and chlorides to levels that will not cause adverse impacts to landscaping without relying on
blending with potable water. This may be accomplished through a demineralization process if
source control measures are not able to sufficiently control the salinity to acceptable levels.

Water Quality and Treatment Goals

Treatment goals for demineralization are based on historic water quality, regulatory
requirements, and on specific water quality needs of recycled water customers. Each of these
issues is discussed further below.

Historical Water Quality

Key water quality parameters that impact the demineralization process are summarized in
Tables 1 and 2 for the years 2008 through 2011. Table 1 presents average values from the
secondary effluent of El Estero and Table 2 presents maximum values from the same location.

Table 1 Historical Water Quality — Average Values

Parameter Units 2007 2008 2009 2010 2011 A‘i :faa;e
pH - 7.8 7.9 7.8 7.8 8.0 7.8
Calcium mg/L 95 95 99 95 95 96
Magnesium mg/L 46 44 46 46 45 45
Sodium mg/L 197 201 219 212 202 206
Potassium mg/L 33 34 33 30 29 32
Ammonia mg/Las N 33 24 23 28 30 28
Bicarbonate mg/L 390 355 343 386 424 380
Sulfate mg/L 301 293 315 316 290 303
Chloride mg/L 273 308 328 343 307 312
Fluoride mg/L 0.6 0.4 0.6 0.7 0.6 0.6
Nitrate mg/Las N 0.5 3.0 6.2 3.3 1.7 29
Boron mg/L 0.6 0.6 0.6 0.6 0.6 0.6
TDS mg/L 1,296 1,259 1,331 1,225 1,160 1,254
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Table 2 Historical Water Quality -Maximum Values

Parameter Units 2007 2008 2009 2010 2011 > ear ‘
pH - 8.0 8.1 8.0 8.0 8.1 8.1
Calcium mg/L 103 107 112 105 100 112
Magnesium mg/L 73 49 50 51 54 54
Sodium mg/L 229 245 243 233 240 245
Potassium mg/L 37 38 36 33 32 38
Ammonia mg/Las N 37 34 31 44 38 44
Bicarbonate mg/L 438 444 378 461 451 461
Sulfate mg/L 321 350 365 388 328 388
Chloride mg/L 318 379 421 529 505 529
Fluoride mg/L 2.1 0.6 0.7 1.1 1.0 2.1
Nitrate mg/L as N 3.1 5.1 10.9 12.6 7.7 12.6
Boron mg/L 0.7 0.8 0.7 0.7 0.7 0.8
TDS mg/L 1,614 1,398 1,502 1,354 1,264 1,614

Regulatory Requirements

Wastewater discharges, including recycled water, to waters of the United States are regulated
under the Clean Water Act. The United States Environmental Protection Agency (USEPA)
provides regulation of wastewater discharges through National Pollutant Discharge Elimination
System (NPDES) permits. Wastewater discharges to State waters are regulated by the State
Water Resources Control Board (SWRCB) and the Regional Water Quality Control Boards
(RWQCB). Regulations governing recycled water quality, usage, and design standards are
promulgated by the California Department of Public Health (CDPH).

Recycled water quality criteria and usage are specified in Title 22, Division 4 of the California
Code of Regulations (CCR). El Estero produces recycled water that meets the Title 22 criteria for
disinfected tertiary recycled water. Table 3 summarizes the primary water quality requirements
for disinfected tertiary recycled water.

Table 3 Disinfected Tertiary Recycled Water Quality Requirements

Parameter Requirements
Turbidity 2 NTU (Average)
5 NTU (Maximum)
Total Coliform Most 2.2 per 100 mL (Average)
Probable Number (MPN)* 23 per 100 mL (Maximum)

"No sample shall exceed an MPN of 240 total coliform bacteria per 100 mL during any 30 day period
Treatment Goals

Regulations governing water reuse are primarily concerned with protection of public health,
focusing predominantly on the risk of pathogens rather than general mineral content, such as

ih
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TDS. Certain recycled water uses may have industry guidelines to prevent problems such as
scaling or corrosion in cooling water, boiler feed water, or industrial process water systems. For
irrigation, guidelines primarily focus on chloride concentrations, sodium content, and TDS as
plants and crops may be sensitive to salts and other constituents in the recycled water. Recycled
water that is high in TDS often has an adverse impact on plants and may require the user to grow
plants that exhibit a higher salt tolerance or find alternative sources of water with more
acceptable water quality conditions.

Current Water Quality Goals
The City used the guidelines in Water Quality for Agriculture (Ayers and Westcot, 1985) to
develop their current recycled water quality goals, which include:

*= Maintain chloride concentration below 300 mg/L during the irrigation season
*= Maintain TDS concentration below 1,000 mg/L

To meet these goals, the City relies on blending of their recycled water with low TDS potable
water supplies. The City also relies on blending to meet a turbidity goal of 2 NTU, however,
current regulations require that recycled water meet the turbidity requirement without blending.
Thus, the City is currently evaluating improvements to the secondary process to improve
filterability, and rehabilitation or replacement of the tertiary filters to produce recycled water
that is consistently at or below 2 NTU.

Recommended Water Quality Goals

Although the City’s blended recycled water meets the Ayers and Westcot guidelines, the 2009
Recycled Water Expansion Assessment indicates that some landscape professionals have voiced
concern with the mineral content of the City’s recycled water. Also more recent guidelines, such
as the 2004 USEPA Guidelines for Water Reuse, have been developed that the City is interested in
using to develop revised water quality goals.

Guidelines for Water Reuse (USEPA, 2004) provides the following guidelines on TDS:

= TDS concentration less than 500 mg/L - no detrimental effects are usually noticed
= TDS concentration between 500 and 1,000 mg/L - can affect sensitive plants

= TDS concentration between 1,000 and 2,000 mg/L - can affect many crops and careful
management practices should be followed

= TDS concentration greater than 2,000 mg/L - can only be used for tolerant plants on
permeable soils

In addition to TDS, another parameter that can be used to assess the recycled water’s suitability
for irrigation is the sodium-adsorption-ratio (SAR). SAR is the concentration of sodium relative to
calcium and magnesium in the water. High sodium water can cause soil dispersion and structural
breakdown. This impairs the infiltration of water into the soil, which reduces the water available
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to the plants. For recycled water, the calcium concentration in the SAR calculation should be
adjusted for alkalinity. The value determined using an adjusted calcium concentration is known
as the adjusted SAR. Table 4 summarizes the United States Department of Agriculture (USDA)
guidelines for irrigation usage restrictions based on the water’s adjusted SAR and electrical
conductivity, expressed as microsiemens per centimeter (uS/cm). It should be noted that a TDS
between 500 and 1,000 mg/L in a natural water supply typically correlates with an electrical
conductivity between approximately 700 and 1,400 pS/cm.

Table 4 USDA Irrigation Water Usage Restrictions

Degree of Restriction on Use at Electrical
Conductivity (uS/cm)

None Slight to Severe
Moderate
0-3 > 700 700 - 200 <200
3-6 >1,200 1,200 - 300 <300
6-12 >1,900 1,900 - 500 <500
12-20 > 2,900 2,900-1,300 | <1,300
20-40 > 5,000 5,000-2,900 | <2,900

Source: Integrated Cropping Systems and Water Management
Handbook, Section 2j - Irrigation Water Salinity and Sodium
Adsorption Ratio (SAR) Assessment Guide (USDA, 2009)

Based on these USDA guidelines, a water with a conductivity of 1,200 pS/cm or higher,
corresponding to a TDS of 850 mg/L, would need to have an SAR of 6 or less to avoid
recommended restrictions for use in irrigation. Itis recommended that an SAR goal be included
with the chloride and TDS goals already established by the City. The recommended water quality
goals for recycled water are therefore:

*= Maintain chloride concentration below 300 mg/L during the irrigation season
*= Maintain TDS concentration below 1,000 mg/L
= Maintain SAR below 6

Treatment System Capacity

Because filtration alone cannot reduce TDS, chlorides, or SAR, a demineralization treatment
process will need to treat a portion of the tertiary treated water to comply with the water quality
requirements. The demineralized water can then be blended back in with the non-demineralized
recycled water to create product water that meets the desired water quality goals.

The amount of flow that needs to be treated by the demineralization process depends on the
process technology used to provide treatment. Based on a maximum recycled water flow of 2.7

ih
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mgd and on preliminary water quality projections, the required treatment capacities for the three
demineralization alternatives are:

= RO - 1.0 mgd product water (1.18 mgd feed water, based on 85 percent recovery)
= NF - 2.0 mgd product water (2.35 mgd feed water, based on 85 percent recovery)
= EDR - 1.3 mgd product water (1.53 mgd feed water, based on 85 percent recovery)

The rationale for sizing of each alternative is included below along with a description of each
process.

Treatment Alternatives
Reverse Osmosis

Description of Technology

The RO process uses pressure to drive water across a semipermeable membrane and remove
dissolved solids through a diffusion-controlled separation process. The dissolved solids are
retained by the membranes as the water permeates through, creating both a demineralized
permeate stream and a concentrated reject stream. Pre-treatment of the RO feed water using MF
or UF membrane processes is highly advisable for wastewater sources as the non-porous
membrane surfaces are susceptible to fouling if operated with high particulate loading. RO
membranes can also be subject to biological growth, requiring removal of microorganisms
through membrane filtration and maintenance of a steady chloramines residual (3 to 4 mg/L) to
prevent.

Low pressure RO membranes typically used for demineralization of brackish or recycled water
remove all pathogens, all turbidity, all color and dissolved organic carbon (DOC), nearly all
hardness and other divalent ions, and most chloride and other monovalent ions. These
membranes operate at feed pressures of 100 to 500 pounds per square inch (psi) with a flux
(throughput) between 10 to 20 gallons per square foot per day (gfd). Recovery for two-stage
systems typically range from 75 to 85 percent.

RO membranes are generally made from either cellulose acetate (CA) or thin film composite
(TFC) polymers. A materials comparison is provided in Table 5. It should be noted that TFC
membranes are by far the primary membranes used in RO facilities today, in spite of their
sensitivity to free chlorine, due primarily to a higher permeability and longer membrane life.
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Table 5 Membrane Materials Comparison®

Thin Film Composite Polymer  Cellulose Acetate

Parameter Membranes Membranes

Salt rejection Higher (greater than 99.5%) Lower (up to 95%)
Net driving pressure Lower Higher

Surface charge More negative Less negative
Chlorine tolerance Poor Fair

Cleaning frequency Higher Lower

Organics removal Higher Lower

Biofouling More susceptible Less susceptible
Biodegredation None Higher

pH tolerance High (2 to 13) Limited (4 to 8)
"Adapted from American Water Works Association. 2007. Manual of Water Supply
Practices — M46, Second Edition, Reverse Osmosis and Nanofiltration. Table 1-3.

Nearly all RO membranes use a spiral wound configuration, in which the membrane is wound
around a central permeate collection tube to form a membrane element. Spiral wound membrane
elements cannot be backwashed. The most common dimension for RO elements is 8-inch-
diameter, 40 inches long, containing 400 square feet of membrane surface area, however, larger
and smaller elements are also in use in the industry. Several membrane elements (typically 6 to
8) are housed in series inside a pressure vessel. Multiple pressure vessels can be mounted on a
skid to form a single membrane treatment train.

Major suppliers of RO membranes used in the wastewater treatment industry include
Hydranautics, Dow FilmTec, Toray Industries, Woongjin Chemical, and Koch Membrane Systems.
Of these, Hydranautics ESPA2 elements are the most commonly used RO membranes in
wastewater applications within the United States, and were used for all water quality projections
shown below. Membranes from other manufacturers will produce similar water quality, but may
differ slightly.

Water Quality Considerations

Table 6 summarizes the projected water quality for demineralized recycled water using an RO
treatment system. Projections were made using Hydranautics IMSDesign software, assuming a
two-stage design, 85 percent recovery, 13.7 gallons per day per square foot (gfd) average flux,
and use of an energy recovery device for flow balancing and interstage boost. This design is
similar to a comparably sized demonstration system currently operating at a wastewater
treatment plant in San Diego. Because the ion rejection of the membranes decreases with time,
water quality projections were made both for new membranes treating feed water under average
conditions (initial average) and for seven year old membranes treating feed water under
maximum conditions (7 year maximum). Seven years was chosen for maximum conditions, as
RO membranes are commonly replaced on a seven year cycle.

Smith
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Table 6 RO Membrane Treatment System Projected Water Quality

Average Max Initial (Avg) 7 Year (Max)
Parameter Units Feed Feed RO Perm Blend RO Perm Blend
Flow mgd 2.9 2.9 1.0 2.7 1.0 2.7
pH - 7.8 8.1 5.5 7.0 5.7 7.2
Turbidity NTU 3.0 3.0 0.01 1.9 0.01 1.9
Temperature deg C 20 24 20 20 24 24
Calcium mg/L 96 106 0.5 61 0.9 68
Magnesium mg/L 45 55 0.25 29 0.5 35
Sodium mg/L 206 238 5.9 132 10 155
Potassium mg/L 32 36 1.0 20.5 1.9 23
Ammonia mg/L 28 44 1.0 19 4.3 29
Bicarbonate mg/L 380 430 10.5 238 20.7 280
Sulfate mg/L 303 347 1.7 193 3.4 221
Chloride mg/L 312 414 5.9 197 13.6 267
Fluoride mg/L 0.6 1.03 0.02 0.35 0.06 0.67
Nitrate mg/L 2.9 8.2 0.4 2.3 1.8 5.8
Boron mg/L 0.62 0.73 0.53 0.58 0.73 0.73
Silica mg/L 9.0 10.0 0.16 0.06 0.27 0.10
Total Dissolved Solids mg/L 1,259 1,465 279 807 58.5 948
Adjusted SAR - 5.3 5.8 0.5 4.0 0.9 4.4

Water quality projections suggest that the 1 mgd RO treatment system is capable of producing 2.7

mgd of blended product water that meets the recommended water quality goals for chloride,
TDS, and SAR under both the initial average and the seven year maximum scenarios.

Description of Improvements

The RO treatment system includes the following components:

» Cartridge filters

= RO feed pump

= RO skid, including first and second stage membrane filtration vessels

* Chemical clean-in-place (CIP) system, including tank and pump

= System controls

Table 7 summarizes the design criteria for the RO Membrane Treatment System.
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Table 7 RO Membrane Treatment System Design Criteria

Feed Capacity 1.2 mgd
Permeate Capacity 1.0 mgd
Recovery 85%
Assumed Membrane Hydranautics ESPA2
Feed Pressure (Initial) 150 psi
Feed Pressure (7-Year) 292 psi
Stages 2
First Stage
RO Element Size 8-inch-diameter x 40-inch long
No. of Elements per Vessel 7
Vessel Pressure Rating 300 psi
Number of Vessels 18

Second Stage

RO Element Size 8-inch-diameter x 40-inch long
No. of Elements per Vessel 7

Vessel Pressure Rating 300 psi

Number of Vessels 8

Cartridge Filters

Number of Vessels 2 (1 duty, 1 standby)
Flow per Vessel 833 gpm

Housing Material 316 SS

Pressure Rating 150 psi

Cartridges per Vessel 86

Cartridge Length 40 inches

Nominal Filter Size 5 micron

Cartridge Material Polypropylene

Figure 1 shows a similarly sized RO system operating at a wastewater treatment plant in San
Diego.

ih
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Figure 1 — 1.0 mgd RO Treatment Facility

Projected Costs
The estimated capital cost for a 1.0 mgd RO treatment system is $3.0 million. Annual cost for
power, chemicals, and equipment replacement is estimated at $220,000 per year.

The total 20-year lifecycle cost for the RO alternative is $6.1 million, based on an assumed
discount rate of 3.5 percent.

Nanofiltration

Description of Technology

NF membranes operate under the same principle as RO membranes and use the same TFC
materials and spiral wound configuration, but operate at lower pressures and at lower salt
rejection rates. NF membranes remove all pathogens, all turbidity, all color and DOC, most
hardness and other divalent ions, and some chlorides and other monovalent ions. These
membranes typically operate at feed pressures of 60 to 200 psi with a flux between 10 to 20
gallons per square foot per day (gfd). Recovery for two-stage systems ranges from 75 to 85
percent.

Major suppliers of NF membranes include Hydranautics, Dow FilmTec, and Koch Membrane
Systems. NF membranes are not commonly used in wastewater applications, however, Dow
NF200 membranes were used for the water quality projections to represent relatively typical NF
membranes. Because these membranes have not been used in a full-scale wastewater application,
it is not certain how they will perform under long-term operation with wastewater.
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Water Quality Considerations

Table 8 summarizes the projected water quality for demineralized recycled water using an NF
treatment system. Projections were made using ROSA design software from Dow Chemical,
assuming a two-stage design, 85 percent recovery, 13.7 gallons per day per square foot (gfd)
average flux, and use of an energy recovery device for flow balancing and interstage boost. These
design conditions are identical to the previously described RO system. Because the ion rejection
of the membranes decreases with time, water quality projections were made both for new
membranes treating feed water under average conditions (initial average) and for seven year old
membranes treating feed water under maximum conditions (7 Year maximum).

Table 8 NF Membrane Treatment System Projected Water Quality

Average Max Initial (Avg) 7 Year (Max)
Parameter Units Feed Feed NF Perm Blend NF Perm Blend
Flow mgd 3.1 3.1 2.0 2.7 2.0 2.7
pH - 7.8 8.1 6.5 6.8 6.7 7.1
Turbidity NTU 3.0 3.0 0.01 0.8 0.01 0.8
Temperature deg C 20 24 20 20 24 24
Calcium mg/L 96 106 21 42 29 50
Magnesium mg/L 45 55 7.8 18 11 23
Sodium mg/L 206 238 133 153 154 177
Potassium mg/L 32 36 18 22 22 25
Ammonia mg/L 28 44 17 21 26 37
Bicarbonate mg/L 380 430 139 202 181 249
Sulfate mg/L 303 347 8.2 89 10.9 102
Chloride mg/L 312 414 225 247 320 346
Fluoride mg/L 0.6 1.0 0.5 0.5 0.8 0.9
Nitrate mg/L 2.9 8.2 3.2 3.3 8.0 8.1
Boron mg/L 0.6 0.7 0.6 0.6 0.7 0.7
Silica mg/L 9.0 10.0 4.6 5.8 4.6 6.1
Total Dissolved Solids mg/L 1,259 1,465 577 762 792 975
Adjusted SAR - 5.3 5.8 6.0 5.4 6.4 5.9

Water quality projections suggest that the 2 mgd NF treatment system is capable of producing 2.7
mgd of blended product water that meets the recommended water quality goals for chloride,
TDS, and SAR under the initial average scenario and meets the TDS and SAR goals under the
maximum scenario. The water quality goal for chlorides would not be met after 7 years of
operation with NF membranes, and while the SAR goal would be met, the value is extremely close
to the maximum recommended 6.
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Description of Improvements
The NF Membrane Treatment System includes the following components:

= (Cartridge filters

= NF feed pump

= NF skid, including first and second stage membrane filtration vessels
=  CIP system, including tank and pump

= System controls

Table 9 summarizes the design criteria for the NF Membrane Treatment System.

Table 9 NF Membrane Treatment System Design Criteria

Parameter Criterion

Feed Capacity 2.4 mgd
Permeate Capacity 2.0 mgd
Recovery 85%
Assumed Membrane Dow NF200
Feed Pressure (Initial) 102 psi
Feed Pressure (7-Year) 141 psi
Stages 2

First Stage

RO Element Size

8-inch-diameter x 40-inch long

No. of Elements per Vessel

7

Vessel Pressure Rating

150 psi

Number of Vessels

32

Second Stage

RO Element Size

8-inch-diameter x 40-inch long

No. of Elements per Vessel

7

Vessel Pressure Rating

150 psi

Number of Vessels

16

Cartridge Filters

Number of Vessels

3 (2 duty, 1 standby)

Flow per Vessel 816 gpm
Housing Material 316 SS
Pressure Rating 150 psi
Cartridges per Vessel 86

Cartridge Length 40 inches
Nominal Filtration Size 5 micron
Cartridge Material Polypropylene
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The NF system would look identical to the RO system, described previously, but would hold twice
as many pressure vessels to treat the higher flow required for NF.

Projected Costs
The estimated capital cost for a 2.0 mgd NF treatment system is $5.8 million. Annual cost for
power, chemicals, and equipment replacement is estimated at $390,000 per year.

The total 20-year lifecycle cost for the NF alternative is $11.3 million, based on an assumed
discount rate of 3.5 percent.

Electrodialysis Reversal

Description of Technology

Although EDR is a membrane process, it differs from the other two membrane processes in that it
is driven by electric charge rather than pressure. In RO and NF, the dissolved solids are rejected
by the membranes as the clean water is pushed through the membranes to the permeate side. In
EDR the charged ions are pulled through membranes with an electric charge, retaining deionized
water within the original flow stream. As a result, the EDR system is only capable of removing
charged ions, and has no impact on microorganisms, suspended solids, or neutral ions present in
the water.

An EDR unit consists of a membrane stack with a cathode on one end of the stack and an anode
on the other. A typical stack consists of up to 500 membranes with flow channels between the
membranes. Half of the membranes are made of anion resin, while the other half are made of
cation resin. As the feedwater flows through the stack, an electrical charge is imposed via the
electrodes. The cations move toward the cathode, passing through the membranes made of
cation resin. The anions move toward the anode, passing through the membranes made of anion
resin. Two streams then exit the stack, which are: the “dilute”, from which the ions have been
removed, and the “concentrate”, into which the ions have been carried.

EDR differs from the related process known as electrodialysis (ED), in that the charge of the
electrodes in an EDR facility is periodically reversed and alternated to reduce the quantity of
precipitates, which build up on the membranes. This reversal of charge also changes the flow
channels from “dilute” to “concentrate” at each charge reversal. Therefore all of the channels
must be valved to both the dilute and concentrate piping. At each charge reversal, all of the
valves actuate to redirect the product waters to the appropriate receiving stream. This charge
reversal is typically two to four times per hour. Special consideration must be given to valving
and piping in an EDR system, to accommodate this frequent reversal of charges and flows.
Because ED has little use in the municipal water industry, only EDR is considered in this
evaluation.

The only supplier of EDR for the municipal market is GE Water & Process Technologies.
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Water Quality Considerations

Table 10 summarizes the projected water quality for demineralized recycled water using an EDR
treatment system. These projections were made using the WATSYS EDR Design Program by GE
Water, assuming a design with two electrical stages, two hydraulic stages, and an 85 percent
overall system recovery. Unlike with RO and NF membranes, the salt removal efficiency with
EDR does not vary significantly as the membranes age. Table 10 therefore shows the projected
water quality under average and maximum feed water quality conditions, without regard for the
age of the membranes.

Table 10 EDR Treatment System Projected Water Quality

Average Max Avg \EDS
Parameter Units Feed Feed EDR Prod Blend EDR Prod Blend
Flow mgd 2.9 2.9 1.3 2.7 13 2.7
pH - 7.8 8.1 7.5 7.7 7.7 7.9
Temperature deg C 20 24 20 20 24 24
Calcium mg/L 96 106 21 59.3 22.8 65.60
Magnesium mg/L 45 55 11 29 14 35
Sodium mg/L 206 238 68 138 79 161
Potassium mg/L 32 36 7.9 20 8.9 23
Ammonia mg/L 28 44 18 24 25 35
Bicarbonate mg/L 380 430 171 273 199 317
Sulfate mg/L 303 347 58 184 67 210
Chloride mg/L 312 414 73 193 98 260
Fluoride mg/L 0.6 1.0 0.2 0.4 0.4 0.7
Nitrate mg/L 2.9 8.2 0.9 2.2 2.1 5.2
Boron mg/L 0.6 0.7 0.6 0.6 0.7 0.7
Silica mg/L 9.0 10.0 9.0 9.0 10.0 10.0
Total Dissolved Solids mg/L 1,259 1,465 381 832 444 968
Adjusted SAR - 5.3 5.79 2.99 4.24 3.34 4.64

Water quality projections suggest that the 1.3 mgd EDR treatment system is capable of producing
2.7 mgd of blended product water the meets the recommended water quality goals for chloride,
TDS, and SAR under both average and maximum water quality conditions.

Description of Improvements
The EDR treatment system includes the following components:

= EDRlines, including first and second stage EDR units
= EDR concentrate recycle pump
= EDR electrode waste degasification system blower

= CIP/Neutralization tank
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= CIP pump skid
Cartridge filters are not required unless the feed water turbidity exceeds 2 NTU.
Table 11 summarizes the design criteria for the EDR Treatment System.

Table 11 EDR Treatment System Design Criteria

Parameter Criterion

Feed Capacity 1.53 mgd
EDR Product Capacity 1.3 mgd
Recovery 85%
Assumed System GE 2020-6L-2S

Anion Membrane GE AR204

Cation Membrane GE CR67
Feed Pressure 36.86 psi
Lines 6
Stages 2
First Stage

Voltage 406 V

Current 15.8A
Second Stage

Voltage 353V

Current 9.1A

Figure 2 shows an EDR system operating at a wastewater treatment plant in San Diego, CA.
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Figure 2 — EDR Treatment Facility at North City Water Reclamation Plant, San Diego

Projected Costs
The estimated capital cost for a 1.3 mgd EDR treatment system is $3.5 million. Annual cost for
power, chemicals, and equipment replacement is estimated at $370,000 per year.

The total 20-year lifecycle cost for the EDR alternative is $8.8 million, based on an assumed
discount rate of 3.5 percent.

Blending with Potable Water Supplies

The City currently uses blending with potable water supplies to meet their water quality goals in
the recycled water. While it is not their intention to continue relying on blending in the future,
blending was considered to compare the water quality and long term cost of this current practice
against the proposed demineralization alternatives.

Water Quality Considerations
Table 12 summarizes the projected water quality for recycled water blended with potable water.
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Table 12 Blending Projected Water Quality

Average Max Avg Max

Parameter Units Feed Feed Potable @  Blend = Potable @ Blend
Flow mgd 1.6 11 11 2.7 1.6 2.7
pH - 7.8 8.1 8.1 7.9 8.5 8.3
Temperature deg C 20 24 18 19 22 23
Calcium mg/L 96 106 88 93 95 100
Magnesium mg/L 46 55 38 43 44 49
Sodium mg/L 205 238 42 138 47 125
Potassium mg/L 32 36 3.2 20 4.0 17
Ammonia mg/L 28 44 0.5 16 0.8 18
Bicarbonate mg/L 370 430 194 298 211 300
Sulfate mg/L 304 347 235 276 278 306
Chloride mg/L 308 414 14 188 24.6 183
Fluoride mg/L 0.6 1.0 0.4 0.5 0.4 0.7
Nitrate mg/L 34 8.2 0.5 2.2 0.5 3.7
Boron mg/L 0.6 0.7 0.6 0.6 0.7 0.7
Silica mg/L 9.0 10.0 9.0 9.0 10.0 10.0
Total Dissolved Solids mg/L 1,259 1,465 591 987 660 988
Adjusted SAR - 53 5.8 1.1 3.6 1.2 3.1

Description of Improvements

The blending scenario assumes that no demineralization improvements would be added to the El
Estero plant, however, the cost of blended water would be expected to increase over time as new
water supply alternatives are implemented.

Projected Costs

The cost of blending will depend on the cost of water supply alternatives used for the blend
water. Water is currently available to the City at a cost of $350 per acre-foot (AF), however, it is
anticipated that as current water supplies become increasingly stressed, new water supply
alternatives will need to be implemented. If the City choose to continue using potable water for
blending with the recycled water, the City has estimated a cost of new blend water supplies of
$600/AF. Based on this range of water supply costs, the total cost of blending could be expected
to vary from $700,000 to $1.2 million per year.

These annual costs equate to a 20-year lifecycle cost between $10 million and $17 million, based
on an assumed discount rate of 3.5 percent.

Treatment Alternative Evaluation

In order to evaluate demineralization alternatives, criteria were developed and scored during an
April 9, 2012 workshop with City staff. These criteria are the same as were used in the filtration
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alternatives discussed in TM3. Criteria included in the evaluation were based on the project goals
and the consensus of City staff during the April 9 workshop. Each criteria was given an
importance rating by City workshop attendees, where 1 = low priority and 5 = high priority. The
weights were averaged and discussed to develop the final criteria and weights provided in Table
13.

Table 13 Evaluation Criteria

Criteria Weight

Increase ease of O&M and safety for plant staff

Optimize site layout

Minimize recycled water system shutdowns

Improved water quality: reduce turbidity & TDS

Minimize blending

E- I B O I SN B )

Life-cycle cost

Note: 1 = low priority, 5 = high priority

This section analyzes demineralization alternatives against the evaluation criteria listed.

Reverse Osmosis

RO requires the smallest footprint compared to NF and EDR but has the highest feed pressure
requirements. The small footprint will likely allow the RO skid, RO feed pump, CIP tank, and CIP
pump to be housed inside the existing solids handling building. The cartridge filters should be
installed outside the building to allow for easier washdown when changing out spent cartridges.

The following provides a brief summary of the evaluation factors for the RO treatment system
alternative.

= (O&M and safety - the RO system is typically fully automated and requires little operator
attention during normal operation. The systems do require operators to perform a
chemical clean-in-place (both a low pH and a high pH clean) approximately twice a year.

= Site layout - the RO Treatment System requires the least amount of space compared with
NF and EDR alternatives. Locating the equipment in the solids handling building will
require the relocation of the existing scrubber equipment.

= Recycled system shut-downs - the RO system will allow for continuous operation of the
recycled water system. During twice a year chemical cleanings or other maintenance
periods, there could be a short-term impact to recycled water production.

= Satisfies water quality goals - the RO treatment system satisfies the water quality goals
under the full life of the RO membranes.

*= Blending - the use of RO eliminates the need to blend to meet water quality goals.
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= Lifecycle cost - the RO alternative has the lowest lifecycle cost of the alternatives evaluated

Table 14 summarizes the scoring for the RO treatment system alternative.

Table 14 RO Treatment System Evaluation Scoring Summary

Evaluation Factor Weight Rationale Score z\égirgehted
O&M and Safety 5 e fully automated 3 15
e chemical cleaning 2x/yr
Optimize Site Layout 3 e Smallest footprint 3 9
e Requires relocation of
scrubber
Minimize Shutdowns 4 e low likelihood of 4 16
shutdowns
Reduce Turbidity and TDS 5 e best water quality 5 25
Minimize Blending 4 ¢ no blending required 5 20
Life-Cycle Cost 4 e $6.1 mil 4 16
Total Weighted Score 101

Nanofiltration

NF requires a skid that is double the size the RO skid, but has a lower feed pressure requirement.
The NF treatment system would require relocation of some existing equipment in order to be
housed inside the existing solids handling building. The NF treatment system would not meet the
chloride goal as the membranes age, allowing more salt to pass through.

The following provides a brief summary of the evaluation factors for the NF Treatment System
alternative.

= O0&M and safety - the NF system is typically fully automated and requires little operator
attention during normal operation. The systems do require operators to perform a
chemical clean-in-place (both a low pH and a high pH clean) approximately twice a year.

= Site layout - the NF treatment system requires twice the amount of space as the RO
alternatives. Locating the equipment in the solids handling building will require the
relocation of the existing scrubber equipment.

= Recycled system shut-downs - the NF system will allow for continuous operation of the
recycled water system. During twice a year chemical cleanings or other maintenance
periods, there could be a short-term impact to recycled water production.

=  Water quality goals - the NF treatment system satisfies the water quality goals under initial
conditions, but would not meet the chloride goal as the membranes age.
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* Blending - the use of NF eliminates the need to blend under initial operating conditions,
but could require blending to meet chloride goals as the membranes age.

= Lifecycle cost - the NF alternative has the highest lifecycle cost of the alternatives
evaluated, due to the higher treatment capacity required.

Table 15 summarizes the scoring for the NF Treatment System alternative.

Table 15 NF Treatment System Evaluation Scoring Summary

Evaluation Factor Weight Rationale Score LA
Score
O&M and Safety 5 e fully automated 3 15
e chemical cleaning 2x/yr
Optimize Site Layout 3 e 2x RO footprint 2 6
e Requires relocation of
scrubber
Minimize Shutdowns 4 e low likelihood of 4 16
shutdowns
Reduce Turbidity and TDS 5 e does not meet chloride 2 10
goal
Minimize Blending 4 e Blending may be 3 12
required for chloride
Life-Cycle Cost 4 e $11.3 mil 2 8
Total Weighted Score 67

Electrodialysis Reversal

The EDR Treatment System requires the largest footprint, but has lower feed pressure
requirements than the RO Treatment System. The EDR Treatment System would likely require
relocation of some existing equipment in order to be housed inside the existing solids handling
building.

= (O&M and safety - the EDR system is typically fully automated and requires little operator
attention during normal operation. The EDR system requires operators to perform an acid
clean-in-place approximately twice a year and an organics clean-in-place three or four
times a year. Operator attention during cleaning can be extensive. High voltage equipment
can create hazards for operators.

= Site layout - the EDR treatment system requires the largest amount of space. Locating the
equipment in the solids handling building will require the relocation of the existing
scrubber equipment.

= Recycled system shut-downs - the EDR system will allow for continuous operation of the
recycled water system. During chemical cleanings or other maintenance periods, there
could be a short-term impact to recycled water production.
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=  Water quality goals - the EDR treatment system satisfies the water quality goals under all
water quality conditions.

* Blending - the use of EDR eliminates the need to blend to meet water quality goals.
= Lifecycle cost - the EDR alternative has a moderate lifecycle cost

Table 16 summarizes the scoring for the EDR Treatment System alternative.

Table 16 EDR Treatment System Evaluation Scoring Summary

O&M and Safety 5 o fully automated 2 10
o chemical cleaning 4x/yr

¢ high voltage equipment

Optimize Site Layout 3 e largest footprint 2 6
e Requires relocation of
scrubber
Minimize Shutdowns 4 ¢ low likelihood of 4 16
shutdowns
Reduce Turbidity and TDS 5 e best water quality 5 25
Minimize Blending 4 ¢ no blending required 5 20
Life-Cycle Cost 4 e $8.8 mil 3 12

Total Weighted Score 89

Blending with Potable Water

The blending alternative requires no equipment and no additional equipment operation,
however, it does not meet the project goal of minimizing blending. Table 17 summarizes the
scoring for the blending alternative.

Table 17 Blending Evaluation Scoring Summary

Weighted
Score

Evaluation Factor Rationale

O&M and Safety no equipment

Optimize Site Layout 3 ® noequipment 5 15

Minimize Shutdowns 4 ¢ |ow likelihood of 4 16
shutdowns

Reduce Turbidity and TDS 5 e acceptable water 3 15
quality

Minimize Blending

Life-Cycle Cost 4 e $10-17 mil

Total Weighted Score 79
CDM

Smith
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Recommendations

Based on the evaluation criteria and demineralization alternative scores, the RO treatment
system is the recommended alternative to proceed with for preliminary design. RO will provide
the highest quality water with the smallest treatment facility footprint and lowest lifecycle cost.

Figure 3 shows a conceptual layout for the RO system, located within the existing solids handling
building. The layout also shows microfiltration equipment outside the building, which will be
required as pretreatment for the RO system. The layout for the demineralization system should
be further developed during preliminary design of the facilities.

Figure 3 — Conceptual RO System Layout
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Don Cutler, CDM Smith
Greg Wetterau, CDM Smith

Date: June 4, 2012

Subject:  Assessment Memorandum (AM) No. 5 — Investigation of TDS from Water
Softeners and Seawater Infiltration

Purpose and Background

The purpose of this Technical Memorandum is to evaluate the potential sources of high total
dissolved solids (TDS) concentrations seen in the City of Santa Barbara (City) wastewater collection
system. These levels are significantly higher than the TDS seen in the potable water supply feeding
into the collection system. It is typical for TDS to be higher in wastewater collection systems than in
the associated potable water supplies, due to dissolved solids introduced from the various
domestic, commercial, and industrial water uses, however, these introduced solids are normally
limited to a 150 to 380 mg/L increase, which would not account for the much larger increase seen
in the City’s system. Table 1 presents 2011 average water quality characteristics in the potable
water supply, based on treated water from the Cater Water Treatment Plant (CWTP), and collected
wastewater, based on secondary effluent at the El Estero Wastewater Treatment Plant (EEWWTP).
The table also shows the average increase in water quality constituents between these two
locations and the normal or typical increases expected for wastewater collection systems.

These sampling results indicate that while the overall TDS increase is substantial, almost doubling
from the potable water supply to the wastewater treatment plant, concentrations of a few key
constituents are increasing far more than others. Bromide, chloride, potassium, and sodium all
increase by more than 300 percent, while relative increases in calcium, magnesium, and sulfate are
much less substantial and are generally within the range of normal increases expected from
domestic and commercial water uses.

Three potential sources of the large increase in TDS could include:

¢ Inflow and infiltration (I1&I) into the sewers from high salinity groundwater
e Contributions from residential and commercial water softener regeneration waste
e Flow contributions from other high salinity dischargers

C:\Documents and Settings\youec\Desktop\SB PDR\AMs\AM5_WQStudy_draft.doc
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Table 1 - Dissolved Constituents in Potable Water Supply and Collected Wastewater for City of Santa Barbara
(2011 Average)

Potable Water' Wastewater” Calculated Normal
Increase® Increase”

Total Dissolved Solids (mg/L) 599 1,160 561 (94%) 150-380
Boron (mg/L) 0.3 0.6 0.3 (100%) 0.1-04
Bromide (mg/L) ND> 0.5 0.5 (>500%) <0.1
Calcium (mg/L) 87 95 8 (9%) 6-16
Chloride (mg/L) 39 307 268 (687%) 20-50
Potassium (mg/L) 4.8 29 24 (504%) 7-15
Magnesium (mg/L) 38 45 7 (18%) 4-10
Sodium (mg/L) 44 202 158 (359%) 40-70
Sulfate (mg/L) 236 290 54 (23%) 15-30

1. Based on 2011 annual average for Cater Water Treatment Plant Effluent

2. Based on 2011 annual average for El Estero Wastewater Treatment Plant Secondary Effluent

3. Calculated as wastewater concentration minus potable water concentration

4. Adapted from Metcalf and Eddy (1991) Wastewater Engineering: Treatment Disposal Reuse. No data was included on
typical bromide increases, however, the relatively uncommon use of bromide for domestic uses suggests a very low
contribution to wastewater. Data available from the Orange County Sanitation District (2008), where seawater
infiltration is not a concern in the sewer collection system, indicates that bromide remained below 0.1 mg/L in the
wastewater supply.

5. Below detection limit of 0.1 mg/L

A 2008 Tertiary Filter Rehabilitation study conducted by Carollo Engineers looked at potential
sources of the TDS increase within the collection system, specifically evaluating the potential for
seawater infiltration. The study compared concentration changes with flow, time, and tide levels
finding that TDS was generally highest at night and during periods of low flow, but did not correlate
well with tide levels. Additional monitoring of salinity in different manholes resulted in somewhat
inconclusive findings, suggesting that water softeners may be contributing to the TDS increase, but
seawater infiltration may be contributing as well.

Because of the inconclusive findings from previous studies, it was believed that a more thorough
look at the specific water quality constituents increasing in the collection system would help to
better identify the sources of this TDS.

Inflow and Infiltration

[&I are common challenges for waste water collection systems with aging infrastructure, forcing
utilities to maintain aggressive pipe rehabilitation and replacement programs to address. To
investigate the presence of infiltration within the sewer collection system, the City periodically
initiates close circuit television (CCTV) inspections of different portions of the collection system
thought to be at risk. One such study was conducted in the fall of 2011 looking at a stretch of sewer
along Cabrillo Boulevard between Manhole H11-001 and H10-036. This area includes the low
elevation portion of Cabrillo along Chase Palm Park and Stearns Wharf to the harbor, and is the
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area where high TDS infiltration would be the most likely. A copy of the CCTV report is attached
with this memorandum.

The investigation found that small amounts of infiltration were observed at numerous joints in the
piping, most of which was seeping along the joint edges, but some was openly flowing into the pipe.
The photos included in Figure 1 show one of these observed leaks.

Figure 1
Infiltration Observed in Sewer Line Along Cabrillo During 2011 CCTV Study
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201.68FT, Infiltration Runner, at 12 o'clock, within 8 inches of 201.68FT, Infiliration Runner, at 12 o'clock, within 8 inches of
joint: YES joint: YES

Infiltration or inflow could be expected to cause large increases in the TDS if the I&I water is
sufficiently high in TDS or the flows are sufficiently large. A survey, conducted as part of this study,
of historic monitoring well data available on the USGS website (http://wdr.water.usgs.gov) suggest
that the most probable location for high salinity groundwater inflows is along Cabrillo Boulevard in
the downtown area. Locations of wells with data available on the USGS website are shown on
Figure 2. Well data from a site within Chase Palm Park, presented in Table 2 as Cabrillo Well,
showed water quality characteristics very similar to seawater, with a TDS exceeding 30,000 mg/L
and chlorides above 17,000 mg/L. Comparing these results with limited data from a well on West
Main Street, one block inland from Cabrillo, suggests that the high salinity groundwater may not
extend far enough inland to impact collection sewers beyond Cabrillo.
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Figure 2
Available Well Data From USGS (http://wdr.water.usgs.gov/nwisgmap)
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Water depths and sewer depths were not evaluated when surveying well data, and it is therefore
not known how frequently or to what extent the various collection sewers are below the
groundwater levels. What the well results do suggest is that shallow groundwater can reach water
quality concentrations approaching seawater along Cabrillo Boulevard, and could cause significant
impacts on collection sewer TDS if sufficient quantities of this water are infiltrating into the sewers.
If such infiltration is the cause of the TDS climb, it should also be expected that the unique water
quality signature of seawater, as presented in Table 2, would be reflected in the water quality
changes within the collection sewers.

Table 2 — Water Quality Characteristics of Seawater and Santa Barbara Monitoring Wells Near Ocean

ea ale ald O e € e S
Total Dissolved Solids (mg/L) 35,079 30,500 1,086
Boron (mg/L) 4.4 2.9
Bromide (mg/L) 70 53 0.6
Calcium (mg/L) 419 942
Chloride (mg/L) 19,350 17,700 180
Potassium (mg/L) 390 43
Magnesium (mg/L) 1,304 1,130
Sodium (mg/L) 10,710 8,670
Sulfate (mg/L) 2,690 2,390 450

1. From Desalination of Seawater: AWWA Manual of Practice M61

2. 2010 sample results from well located in Chase Palm Park - USGS Site #342452119405504

3. 2007 sample results from well located on W Main St — USGS Site #342439119413201. Blank spaces remain for
parameters where no data was available.
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To test how closely the observed water quality changes match the signature of seawater infiltration,
projections were made of the expected wastewater quality with no infiltration and with low levels
of infiltration (1 to 2 percent), assuming infiltration water with the quality of the Cabrillo Well
presented in Table 2. Expected water quality with no infiltration was based on average potable
water quality, listed in Table 1, and average values for the typical increases expected for
wastewater, also listed in Table 1. Table 3 presents the results from this analysis with the first
column showing 2011 average wastewater, measured at the EEWWTP secondary effluent, the
second column showing expected wastewater quality without infiltration, and the third column
showing expected wastewater with 1% infiltration from high salinity groundwater (Cabrillo Well
from Table 2).

This analysis demonstrates that an infiltration rate of only 1 percent, representing 60 gpm for an
8.5 mgd average wastewater flow, results in a water quality closely correlating with the actual
measured conditions in the secondary effluent. Water quality for most parameters, including TDS,
boron, bromide, calcium, sodium, and sulfate, are within 95 percent of what would be expected for
this level of high salinity infiltration. These results, coupled with the results of the CCTV study,
suggest that seawater I&I has a high likelihood of being a major contribution to the increasing TDS
within the collection system.
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Table 3 — Measured and Anticipated Wastewater Quality With and Without Infiltration

Average Expected Expected
Wastewater® Wastewater Wastewater
(no infiltration)® (1% infiltration)®

Total Dissolved Solids (mg/L) 1,160 819 1,145
Boron (mg/L) 0.6 0.5 0.6
Bromide (mg/L) 0.5 0.1 0.6
Calcium (mg/L) 95 87 96
Chloride (mg/L) 307 79 273
Potassium (mg/L) 29 19 19
Magnesium (mg/L) 45 38 50
Sodium (mg/L) 202 104 198
Sulfate (mg/L) 290 261 284

1. Based on 2011 annual average for El Estero Wastewater Treatment Plant Secondary Effluent
2. Expected wastewater based on typical water quality changes listed in Table 1.
3. Calculated based on 1.1% blending with water quality listed for Cabrillo Well in Table 2.

One constituent which does not show a good correlation between measured values and projected
blended concentrations is potassium. Here the projected concentration is 19 mg/L, while an
average of 29 mg/L was measured in the secondary effluent in 2011. This suggests that another
source of TDS is contributing to the collection system as well, impacting potassium concentrations
beyond what would be expected from I&I.

Water Softeners

Water softeners are used by residential and commercial users to reduce hardness in water. The
softeners employ either sodium chloride or potassium chloride to replace calcium and magnesium
cations (also referred to as hardness) with either sodium or potassium ions. Water softeners
therefore result in an increased concentration of either sodium or potassium, depending on which
type of salt is employed. Potassium salts are often used in residential water softeners, due to
perceived health concerns associated with sodium intake. Water softeners must be periodically
regenerated using sodium chloride or potassium chloride solution, releasing high concentrations of
sodium or potassium, chloride, calcium, and magnesium into the wastewater collection system.
Regeneration is often done at night when water is not being used within the household or business,
however, there should be no net impact on calcium or magnesium concentrations over a full 24
hour period, since these ions are removed from the water during the day and released at night. As a
result, the use of water softeners should be expected to increase sodium, potassium, and chloride,
at proportionate concentrations, without impacting other dissolved salts.

Because of the significant increase in potassium concentrations seen between the potable water
supply and the wastewater at EEWWTP, there is a reasonable likelihood that water softeners are
contributing to the observed TDS increase. Table 4 presents measured and projected wastewater
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quality for EEWWTP with and without projected flow contributions from water softeners. These
projections assume there is not impact of seawater I&I in the sewers. The forth column shows
projected results assuming that water softeners in the area are evenly divided between those
employing sodium chloride and those using potassium chloride. While this is a reasonable
assumption, no information was obtained on the relative use of each salt in the Santa Barbara area.
The fifth column therefore includes projected results if 95 percent of the area water softeners
employed sodium chloride and only 5 percent used potassium chloride.

Table 4 — Measured and Anticipated Wastewater Quality With and Without Water Softeners

Average Expected Expected with Expected with
Wastewater® without Softeners Softeners
Softeners®  (50% NaCl/50% KCI)®  (95% NaCl/5% KCI)

Total Dissolved Solids 1,160 819 856 1,160
(mg/L)

Boron (mg/L) 0.6 0.5 0.5 0.5
Bromide (mg/L) 0.5 0.1 0.1 0.1
Calcium (mg/L) 95 87 87 87
Chloride (mg/L) 307 79 99 284
Potassium (mg/L) 29 19 29 29
Magnesium (mg/L) 45 38 38 38
Sodium (mg/L) 202 104 111 231
Sulfate (mg/L) 290 261 261 261

1. Based on 2011 annual average for El Estero Wastewater Treatment Plant Secondary Effluent
2. Expected wastewater based on typical water quality changes listed in Table 1.
3. Calculated based on 1.1% blending with water quality listed for Cabrillo Well in Table 2.

The results shown in Table 4 demonstrate that the use of water softeners alone cannot explain the
full increase in TDS seen in the Santa Barbara wastewater, if softeners using potassium salts are
assumed to represent half or less off the water softeners used in the area. An increase of only 37
mg/L of TDS would be expected from area water softeners, based on the potassium increases
observed, indicating that softeners would be contributing only 5 percent of the overall TDS
increase, under this scenario. If a much smaller contribution from potassium based water softeners
is assumed (5 percent of the total softeners), a much higher TDS increase could be anticipated,
however, such softener use would not explain the bromide, boron, sulfate, calcium, or magnesium
increases observed, and would only partially explain the chloride levels. Similarly, the sodium
levels in the wastewater should be expected to be significantly higher if sodium chloride was the
primary contributor to the TDS increases observed. Based on this review of the different water
quality constituents, it should be concluded that water softeners are contributing to the TDS
increase in the wastewater, but this impact is likely not more than 5 or 10 percent of the total TDS
increase.

Combined Effects of Infiltration and Water Softeners

ih
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Because neither seawater &I or water softeners alone are able to explain the pattern of water
quality changes in the wastewater, it is likely that both are contributing to the TDS increase in the
City’s collections system. Figure 3 presents the average wastewater characteristics compared
against projected water quality when only &I is impacting the quality, when only water softeners
are impacting the quality, and when both I&I and water softeners are impacting the quality. In the
scenario where both I&I and softeners are impacting TDS, 1&I is responsible for 90 percent of the
TDS increase, while softeners are responsible for 10 percent. A good correlation can be seen in
Figure 2 between the measured wastewater quality and the projected quality with both 1&I and
softeners impacting the TDS. These comparisons suggest that a combination of infiltration and
inflow from high TDS groundwater and water softeners from commercial and residential customers
are the primary sources of the larger than normal TDS increase seen in the City’s wastewater.

Figure 3 - Expected Wastewater Characteristics with 1&I and Softener Contributions
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Conclusions and Recommendations

The City has been seeing larger than normal increases in TDS within their wastewater collection
system, compared with typical wastewater systems throughout the country. Potential sources of
this TDS increase were investigated by comparing specific water quality constituents in the water
against the relative distribution of those constituents in potential TDS sources, such as seawater
and water softeners. Infiltration and inflow from high TDS (near seawater) groundwater was found
to be a likely contributor to the TDS increase, with the resulting water quality from a 1 percent (60
gpm) infiltration rate matching the measured water quality for all constituents except potassium. A
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significant portion of this infiltration appears to be coming from the collection sewers along
Cabrillo Boulevard, where a recent CCTV study found a large number of joints to be leaking
groundwater into the piping.

The presence of higher than normal potassium in the wastewater suggests that water softeners are
also contributing to the TDS increase, however, it is unlikely that their contribution is responsible
for more than around 10 percent of the TDS increase, based on the levels of potassium measured.

It is recommended that the influence of infiltration and water softeners be further investigated
through the measurement of specific water quality constituents, including boron, bromide, and
potassium, at different points in the collection system, both along Cabrillo Blvd and in the segments
feeding into the Cabrillo trunk line. Pipe rehabilitation efforts should be investigated to determine
the anticipated cost of repairing the Cabrillo trunk line, and the amount of piping that would need
to be repaired or replaced. The potential for inflow and infiltration from non-City owned lateral
lines should also be investigated to determine their impact to the overall TDS increases.

ih
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Memorandum

To: Rebecca Bjork, City of Santa Barbara

From: Leroy Cadena, MINS Engineers, INC
Jason Yoshimura, CDM Smith
Don Cutler, CDM Smith
Greg Wetterau, CDM Smith

Date: February 19, 2013

Subject:  Assessment Memorandum (AM) No. 6 — Recycled Water System Hydraulic
Analysis

Purpose and Background

This assessment memorandum (AM) discusses hydraulic conditions of the existing recycled
water distribution system, including the on-site reservoir and transfer pump station at the El
Estero Wastewater Treatment Plant (EEWWTP) and the off-site reservoir and pump stations. An
assessment of the existing system has been performed to evaluate how to reliably achieve
disinfection CT, and to provide better control of the recycled water distribution system.

Data and information gathered for this report were compiled from the Operation and
Maintenance Manual (OMM) for the EEWWTP, previous reports prepared by the city of Santa
Barbara (City), EEWWTP monitoring data from May 31, 2012, through June 6, 2012, and
conversations with EEWWTP operators.

Recycled Water System Overview

The City’s recycled water distribution system was developed in two phases. Phase I was
completed in July 1989 and Phase Il was completed in May 1991. Phase I and Phase II consist of
approximately 14 miles of piping, which ranges in size from 2-inches to 18-inches. The map of the
recycled water distribution system is included in Attachment A.

Recycled Water Production

The EEWWTP has a design capacity of 11 mgd and a peak hydraulic capacity of 30 mgd. Table 1
summarizes the treatment processes utilized at the EEWWTP.
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Table 1 EEWWTP Treatment Processes

Treatment Process Facilties

Influent pump station

Primary Treatment Aerated Grit Removal

Sedimentation

Secondary Treatment Biological Activated Sludge

) Flocculation Basins
Tertiary Treatment

Filtration

Chlorination

Disinfection Chlorine Contact Basin

On-site El Estero Reservoir

The recycled water treatment system utilizes tertiary filtration with coagulation/flocculation and
granular media filtration, and disinfection using chlorine addition to comply with California Title
22 requirements. Effluent from the secondary clarifiers is pumped to the granular media filters,
and the filtered water is disinfected in the chlorine contact basin. After these treatment steps, the
recycled water is pumped to the storage reservoir and distribution facilities. A separate chlorine
contact tank and chlorination and dechlorination systems are used for secondary effluent sent to
the ocean outfall.

Coagulation/Flocculation Chemical Systems

Alum and polymers are added for coagulation and flocculation of suspended particles and to help
increase the filtration efficiency. This system includes chemical storage tanks, pumps, filter
effluent flow indicators, and their controls. The existing coaulation/flocculation chemical systems
design criteria are summarized in Table 2.

Table 2 Existing Coagulation/Flocculation Chemical Systems Design Criteria

Alum Storage capacity 5,000 gallons
Maximum Alum Feed Rate 16 gal/hr

Alum Pumps

Diaphragm metering pumps with adjustable output

Manufacturer Alldos
Polymer
Polymer Type Anionic, cationic, or nonionic liquid polymer

Polymer Solution Feed Rate

10 to 100 gal/hr

Polymer Mixer / Feed Pumps

Static mixing with adjustable speed positive displacement
polymer metering pump

Manufacturer

Fluid Dynamics
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Tertiary Filtration System

The existing tertiary filtration system consists of filter supply pumps, filters, backwash blowers,
compressed air system, and equipment and system controls. The existing tertiary filtration
system design criteria are summarized in Table 3.

The filter influent and effluent turbidity is monitored continuously. At effluent turbidity of two
NTU, an alarm notifies the operators, and at effluent turbidity of five NTU, the effluent is diverted
to the plant influent sewer.

Table 3 Existing Tertiary Filtration System Design Criteria

Parameter Criteria

Filter Supply Pumps

Number of Units

2 Duty, 1 Standby

Capacity, Each 4.3 mgd
VFD Yes
Coagulation
Chemicals Polymer and Alum
Mixing Static Mixer and Flocculation Chamber

Tertiary Filters

Type Single media Gravity Filter with Air/Water Backwash
Number of Filters 4 Cells
Size, Each 14ft x 14ft
Manufacturer General Filter Co.
Media Type Anthracite Coal
Media Depth 4 ft
Filter Rate, Nominal 3.8 gpm/sf

750 gpm/cell
Backwash Rate 12 gpm/sf
Backwash Air Rate 4 cfm/sf
Backwash Air Pressure 6 psi

Backwash Blowers

Number of Units

1 Duty, 1 Standby

Capacity, Each

780cfm

Type

Positive displacement

Air Compressor

Number of Units

1 Duty, 1 Standby

Capacity, Each

4cfm at 100 psig, with 120-gallon receiver

Type

air cooled, reciprocating,

Note that the existing tertiary filters will be demolished and replaced with

microfiltration/ultrafiltration (MF/UF) system as recommended in AM3 - Filtration Alternatives.
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Chlorination System

California Title 22 section 60301.230, Paragraph (b), requires effluent coliform to not exceed a
concentration of 2.2 MPN/100 mL for more than 5 percent of the samples. Paragraph (a),
subparagraph (1), requires a minimum modal contact time of 90 minutes; however, the OMM
Chapter 2 Disinfection section, indicates a required modal contact time of two hours. This contact
time is achieved by utilizing the chlorine contact basin, which provides one hour of contact time
at a flow rate of 3,000 gpm, and the effluent storage reservoir, which provides additional
detention time based on the water level.

The chlorine contact basin is covered with removable aluminum covers to block light and hinder
algae growth. Sodium hypochlorite is added at the inlet to the chlorine contact basin. It is also
before pumping into the reservoir and before the distribution system. These two application
points can be flow-paced and allow more flexibility to the system. Details of the flow-paced
system are outlined in the OMM.

California Title 22, section 60301.230, Paragraph (a), subparagraph (1), also requires a CT value
of not less than 450 milligram-minutes per liter (mg-min/L). The CT value is a product of the
chlorine residual and the modal contact time. Based on quarterly reports supplied by the
EEWWTP, the daily average CT values, residual chlorine levels, and daily modal contact times are
as follows:

= Daily average CT values range from 400 to 4,000 mg-min/L. During the 3rd quarter of 2011,
the EEWWTP experienced one day of CT violation, when the CT value was less than 450 mg-
min/L.

= Daily average residual chlorine levels generally range from 1.0 to 5.0 mg/L.
= Daily modal contact time ranges from 400 minutes to 800 minutes.

As outlined on the OMM, the EEWWTP originally used chlorine gas to disinfect the recycled
water. Currently the plant uses sodium hypochlorite. The change from the chlorine gas system to
the sodium hypochlorite system was made as part of the Liquid Chlorination/Dechlorination
Storage and Feed System project in 1993.

Recycled Water Storage System

The recycled water is pumped from the chlorine contact basin to the on-site reservoir. The on-
site reservoir provides not only storage, but also additional chlorine contact time. The chlorine
contact basin provides one hour of chlorine contact time. Depending on the water levels, the on-
site reservoir has the ability to provide an additional 1.3 to 2.6 hours of chlorine contact time. The
storage tank has been retrofitted with a hypalon baffle curtain to provide more efficient chlorine
mixing.

The recycled water storage reservoirs are shown in the Distribution System Schematics included
in Attachment B and described in Table 4.
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Table 4 Recycled Water Storage Reservoirs Design Criteria

EEWWTP On-site Reservoir Golf Course (Phase Il) Reservoir

Type Above-grade, Steel Subsurface, Concrete
Capacity 670,000 gallons 1,500,000 gallons
Height 22 feet 25 feet

Diameter 72 feet 105 feet

Minimum Water Level 6 feet 6 feet

Maximum Water Level 21.5 feet 22 feet

An alarm sounds when the water level of the on-site reservoir drops below eight feet or increases
above 21.5 feet. If the recycled water production does not meet demands, an 8-inch pipe provides
potable water to the storage reservoir for additional supply. The potable water flow is
automatically initiated when the reservoir level drops below six feet. In the event that the
reservoir becomes too full, a 24-inch standpipe inside the tank is utilized as an emergency
overflow drain. The overflow drains to the site overland flow outfall.

California Title 22 requires that “Disinfected Tertiary Recycled Water” must have an average
turbidity less than 2.0 NTU and a maximum of 5.0 NTU. Potable water is added to the system
when the turbidity of the filter effluent is between 2.0 and 5.0 NTU. When the filter effluent
turbidity is above 5.0 NTU the effluent is diverted back to the EEWWTP sewer influent. This
process is described in Assessment Memo 2 (AM2) - Recycled Water System Study.

Recycled Water Distribution

Recycled Water Demands

According to the OMM, the on-site storage was initially sufficient to provide two to three hours of
peak summer irrigation demand. The estimated current and projected average daily recycled
water demands are discussed in detail in AM2.

Recycled Water Distribution System Configuration

Attachment A shows the distribution of customers of Phase I and Phase Il recycled water system.
Phase II system is broken up into Phase II North and Phase Il South sections. Phase II North is
situated north of Highway 101 and Phase Il is situated to the south.

Recycled water is distributed to customers between the hours of 9:00 pm and 6:00 am. Phase [
customers are served directly by the on-site recycled water reservoir and Phase Il customers are
served by the storage reservoir situated under the Municipal Golf Course (Golf Course Reservoir).
The Golf Course Reservoir is intended to be filled between the hours of 6:00 am and 9:00 pm,
when the recycled water customers are not being supplied.

During the day, recycled water is pumped to the Golf Course Reservoir. This water travels via
Phase I and Phase Il piping varying in diameter from 12- to 14-inches for Phase [ and 16-inches
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for Phase II. The La Mesa Pump Station is situated approximately half way between EEWWTP and
the Golf Course Reservoir to provide an extra boost of pressure to reach the reservoir.

When distribution occurs at night, Phase II pipeline is hydraulically shut off from Phase I by
sealing Phase I system at the La Mesa check valve. Phase II system is divided into a North Zone
and a South Zone. The South Zone consists of a 16-inch transmission pipeline from Shoreline Park
to the Golf Course. It is used for filling the reservoir during the day and delivering recycled water
in the evening. Phase II North system consists of a 14-inch distribution line from the Golf course
Pump Station to La Cumbre Junior High School, and a 10-inch branch line to McKenzie Park. The
Golf Course Pump Station and a hydropneumatic tank work together to supply the Phase Il North
and South pressure zones. Phase Il North is always pressurized. Motor controlled valves separate
Phase II North from the 16-inch pipeline and, at night, the valves open and the Golf Course pump
station is able to provide pressure to the North and South portions of Phase II.

A map displaying Phase I and Phase II, North and South, service areas, prepared as part of August
2009 Water Planning Study is attached in Attachment A. The pipeline elevations in Phase 1 range
from 7 to 85 feet above mean sea level, and the hydraulic grade line (HGL) at the EEWWTP is 288
feet. The pipeline elevations in Phase II South Service Area range from 100 to 260 feet, and the
HGL varies from 234 feet at Los Positas Park to 434 feet at Elings Park. Pipeline elevations in
Phase Il North Area Service Area range from 159 to 200 feet, and the HGL varies from 220 feet
near the Golf Course Tank to 543 feet near McKenzie Park.

Recycled Water Distribution Pump Stations

The EEWWTP Recycled Water Pump Station takes water from the on-site reservoir and pumps it
to the distribution system. Surge protection is accomplished with a hydro-pneumatic tank at the
pump station. There are five pumps; three at constant speed and two at variable speed. A capacity
of 3,200 gpm is achieved when one variable speed pump and the three constant speed pumps are
used. The other variable speed pump is a standby, and there is space provided for an additional
pump. The EEWWTP Recycled Water Pump Station design criteria are summarized in Table 5.

Table 5 EEWWTP Recycled Water Pump Station Design Criteria

Parameter Criteria

Design Capacity Phase I: Distribution 3,200 gpm at 117 psi
Phase Il: Conveyance 1,700 gpm at 145 psi
Number of Pumps 2-Variable speed — (one duty, one standby)
3-Constant speed — (two duty, one standby)
Manufacturer Peabody Floway
Type Vertical Turbine
Rated Capacities Variable Speed: 1,080 gpm at 117 psi, 100 hp
Constant Speed: 710 gpm at 117 psi, 75 hp
Variable Speed Drives Adjustable frequency type, 125 hp, 460V, 3-phase, 1,800

rpm synchronous speed

Manufacturer Reliance Electric Co.
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Parameter Criteria

Surge Tank 3,000-gallon, 150 psi rated

The recycled water is boosted, as necessary, midway to the Golf Course Reservoir by the La Mesa
Pump Station. La Mesa Pump Station maintains a sufficient pressure in the line for the recycled
water to reach Golf Course Reservoir. During distribution, the two high-head pumps at La Mesa
Pump Station pump recycled water from Phase I distribution zone to Phase II distribution zone.
The La Mesa Pump Station design criteria are summarized in Table 6. Space exists at the pump
site for two future pumps.

Table 6 La Mesa Recycled Water Pump Station Design Criteria

Parameter Criteria
HH Pumps: 525 gpm at 108 psi

Number of Pumps Low Head - 2
High Head - 2

Type Vertical Turbine

Rated Capacities LH: Variable Speed, 1230 gpm each at 45 psi
HH: Variable speed, 525 gpm each at 108 psi

During distribution, recycled water is pumped from the Golf Course Reservoir by the Golf Course
Pump Station. Phase II pipeline is hydraulically isolated from the Phase I system by the La Mesa
check valve. The golf course pump station also has a hydro-pneumatic tank with a 25,857 gal
capacity. The Golf Course Pump Station design criteria are summarized in Table 7.

Table 7 Golf Course Recycled Water Pump Station Design Criteria

Parameter Criteria

Number of Pumps Constant Speed - 5

Type Vertical Turbine

Rated Capacities Constant Speed: 600 gpm each at 160 psi

Recycled Water System Limitations

The storage capacity of the On-site Reservoir and the Golf Course Reservoir are limiting factors in
the recycled water distribution system. The reservoirs are filled during the day and the recycled
water is distributed to customers at night. Currently, the demand for Phase I exceeds that of
Phase II, but the 0.67 million gallons storage capacity for Phase I (On-Site Reservoir) is
considerably lower than the 1.5 million gallon storage available in Phase II (Golf Course
Reservoir). Only the On-site Reservoir has continuous access to the recycled water produced
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throughout the day. If the demand for Phase II exceeds the storage capacity of the Golf Course
Reservoir, then additional storage will be needed.

The On-site Reservoir is also needed for additional contact time. This is an additional limiting
factor of the storage and distribution system. One way to improve the capacity of the reservoir is
to improve or change the way the chlorine contact basin operates. If a new chlorine contact basin
were added to provide sufficient chlorine contact time, then the On-site Reservoir would not be
needed for additional contact time and would be used solely for storage. However, the
construction of a new chlorine contact basin or a new on-site reservoir may be difficult due to the
limited space available on-site at EEWWTP.

Recycled Water System Operation

EEWWTP staff provided 7 days (May 31, 2012 through June 6, 2012) of recycled water system
operation data, including 15 minute sample data for the Chlorine Contact Basin (CCB) Influent
chlorine residual, Distribution chlorine residual, filter water production flow rate, blending water
flow rate, On-site Reservoir water levels, Off-site Reservoir water levels, On-site Reservoir
distribution flow rate, Off-site Golf Course Reservoir fill flow rate, and Off-site Golf Course
Reservoir distribution flow rate. These data are included in Attachment C.

Based on our review of this data the following observations were made:

CCB Influent Chlorine Residual

= CCB influent chlorine residual varied widely from hour to hour.
= CCB influentchlorine residual generally ranged between 10 to 20 mg/L.
Distribution Chlorine Residual

= Distribution system chlorine remained relatively stable, generally ranging between 3 and 7
mg/L during these 7 days.

= Anincrease in blend water often corresponded with a decrease in residual.

Blending Water

= Blending water is applied daily during tank filling in the morning, then again in the early
afternoon and peaks around 11:00 pm.

= During one morning, blending water was applied during the early morning hours from 3:00 am
to 5:30 am.

= Generally, blending water is applied during filter production.
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Filter Production

Filter production is generated early in the morning while the storage tanks are being filled.
Filter production water coincides with the blending water application.

Filter production shutdown is generally followed by a drop in chlorine residual.

On-Site Reservoir Level

Empties from midnight until early morning around 5:00 or 7:00 am.
Refills from about 7:00 am until 1:00 pm.

Empties again in the late afternoon.

Level fluctuates in the early evening.

Tops off at 11:30 pm.

Stays between 8ft and 20ft.

Level drops when off-site tank is filled the second time.

Distribution Flow

Distribution flow measures both the Golf Course Reservoir fill flow and the distribution to the
Phase I customers.

Flow is decreasing in the early morning hours from 12:00 am until 6:00 am.

One of two peak flows occurs when the offsite reservoir is flowing. The second peak flow
occurs when the onsite reservoir is discharging.

Distribution to customers begins around 7:00 pm and increases into the night.

Off-site Golf Course Reservoir Level

Fills from 7:00 am - 9:30 am and from 3:30 pm - 5:30 pm.
Empties from 8:00 pm until 8:00 am.

Levels remain constant and do not fluctuate.

Off-site Golf Course Reservoir Fill Flow
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= Generally the Off-site Golf Course Reservoir fill flow occurs from 7:00 am until 9:30 am and
from 3:30 pm - 5:30 pm.

= Additional lower flows with higher peak flows occur throughout the day until the late
afternoon and early evening around 5:00 pm.

Off-site Golf Course Reservoir Distribution Flow

= Distribution flow occurs from 9:00 pm until 6:30 am the next morning.
= There are a few spikes of flow during the day when the flow should be off.

Summary of Operational Review

The plant is operating as outlined in the OMM. However, based on the data supplied for
this report, there are several questionable readings. For instance:

= Recycled water distribution is periodically recorded during the day.
= Off-site fill flow surges during the day with frequent starts and stops of pumps.

Generally, residual chlorine levels in recycled water distribution system are higher in the
morning and begin dropping in the late morning to early afternoon. The drop in residual chlorine
levels in recycled water distribution system coincides with long term peak blending water
applications.

The CT values presented in the 2011 Third Quarter Reclamation Quarterly Report are acceptable.
During this period, only one day was below the minimum 450 mg-min/L. Increasing the CT value
can be accomplished by increasing the contact time or the chlorine residual. It should be noted
that the average chlorine residuals reported in the 2011 Third Quarter Reclamation Quarterly
Report were one-third to one-half the values observed for the seven days of operating data
included in Attachment C.

There is a need for additional storage in their Phase I system. Based on the current plant design,
increasing contact time would not be conducive to producing more recycled water. This leaves
the option of increasing the amount of chlorine applied. The additional amount of chlorine
applied will vary depending on the temperature, the quality of the water being received, and the
contact time.

While increasing the recycled water capacity requires increasing storage capacities and
disinfection contact times, the distribution and pumping capacities must also be monitored so
that they continue to meet the demands of the system.
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Proposed Tertiary Filtration Upgrade

Microfiltration/Ultrafiltration (MF/UF) is the process of filtering a solution, in this case
wastewater effluent, through a semi-permeable membrane with pore sizes ranging from 0.1 to
0.5 micrometers (um) in size. MF/UF is an excellent process for removing suspended solids,
although salts and dissolved metals are not removed. MF/UF can operate efficiently at low
pressures, producing water with no measurable turbidity and reduced chlorine demand.

Improvements in the secondary process and use of MF/UF prior to chlorination are expected to
produce cleaner and more consistent water quality for chlorination. A more reliable and
consistent product will eliminate fluctuations in the chlorine residuals as seen in the monitoring
data shown in Attachment C.

Proposed On-Site Storage Reservoir Upgrade

As previously discussed, the existing on-site reservoir is one of the limiting factors in operating
the recycled water system. To accommodate the proposed recycled water production of 2.5 mgd
an increase in on-site storage capacity is recommended. An evaluation to determine the required
amount of on-site storage capacity was performed using the proposed recycled water production
rate and the existing recycled water distribution data.

Distribution flow data from 2011 was provided in 15 minute increments. For this evaluation, a
high demand day (July 27, 2011) was selected. The evaluation assumed that the daily recycled
water demand patterns under the proposed production rate of 2.5 mgd will remain the same as
the current demand patterns. Current daily distribution flows are less than 2.5 million gallons, so
to simulate the storage reservoir outflow rate, the existing distribution flows were scaled up to
provide a total average daily outflow of 2.5 million gallons. To accomplish this, a ratio of the flow
rate at each time increment to the average flow rate for the day was calculated. An adjusted
distribution flow rate at each time increment was then estimated by multiplying the previously
calculated ratios by the average production rate (1740 gpm to 2.5 mgd). These values were used
as the storage tank outflow rate.

To determine the required storage reservoir capacity, a flow equalization calculation was
performed. The cumulative daily inflow and outflow values, at 15 minute intervals, were
calculated and compared. The largest difference between the cumulative inflow and outflow
values is the required storage capacity. The results of this calculation indicate that about 1.1
million gallons of usable storage will be required in order to adequately equalize the flow for 2.5
mgd of production. It is recommended that the existing storage reservoir be demolished and
replaced with a new 1.4 million gallon storage reservoir, which will provide the required usable
storage volume and a small amount of additional volume to maintain inlet submergence for the
recycled water pumps.

Figure 1 illustrates the flow equalization calculation by illustrating the cumulative daily inflow
and outflow and the volume difference. Figure 2 is a plot of the recycled water production and
demands used in the evaluation.
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Figure 2
Recycled Water Production and Demands

Conclusions

Per the City of Santa Barbara Long-Term Water Supply Plan dated 2011, the expected recycled
water demands from the year 2010 to 2030 are estimated to increase linearly by 1,000 acre-feet.
That is an approximately 33.3 acre-feet (10.8 million gallons) increase each year.

The chlorine contact basin and the on-site storage reservoir provide storage for 1 hour and 1.3 to
2.6 hours, respectively. The current practice of using the on-site storage system to supplement
the chlorine contact time results in significant limitations on available storage to meet recycled
water demands. The recycled water system is currently operated as a process, limiting the system
from maximizing the use of the recycled water it produces. The batch process must handle
effluent with inconsistent turbidity and chlorine residuals. A continuous process should be
provided to produce a more consistent and predictable effluent supply.

El Estero Recycled Water system is currently operating in a batch mode which produces
inconsistent levels of turbidity and which requires blending the effluent with potable water and
leads to inconsistent chlorine residuals and CT Values. Improvements to the secondary treatment
system and replacement of the tertiary treatment facilities with MF/UF are expected to provide
more consistent effluent and give the plant the opportunity to produce a continuous and more
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consistent level of recycled water. The continuous process system will also make it easier to
optimize the size of additional storage tanks to meet future demands.

It is recommended that additional storage be provided at the EEWWTP by replacing the existing
on-site reservoir with a 1.4 million gallon reservoir. This new reservoir will serve to equalize
flows throughout the day, providing the necessary storage volume to meet the projected system
demands over the planning period.
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Map of Recycled Water System Phases
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Figure 4.9 from Water Supply Planning Study Dated August 2009

NOTE:

HGL

Represents the minimum
delivery hydraulic gradeline
(HGL) at the key location.

PHASE | _
SERVICE AREA _

Maximum
Month Maximum
Average  Demand Month Peak Hour
Annual  (Summer Demand Demand
Flow Demand  August) (August) (August)
Zone Condition Acre-feet/yr Acre-feet mgd mgd
Phase | Service Area Existing 740" 108.5" 1.14" 2.5"
"Includes El Estero WWTP nqooowm Water.
(27) BLEV. _u —
== o\ca i\ _
el T\ i, _
Pl .W., =2" BLOWOFF
Gorriro 3 —
SR R

LEGEND
CITY OF SANTA BARBARA
RECLAIMED WATER SYSTEM

PIPING

PHASEI;  6.11 MILES OF PIPE 47-18” C-900/905 PVC
PHASE II; 8.58 MILES OF PIPE 4”-18” C-900/905 PVC
TOTAL;  13.69 MILES
USER SITES
PHASEl; 32 SITES
\ PHASE IIl; 33 SITES
TOTAL; 65 SITES

DESIGN FLOW RATES
PHASE I; 3200 GPM @ 117 PSI (El Estero P.S.)
PHASE II; 1230 GPM @ 45 PSI (L.H. Pumps, La Mesa P.S.)
525 GPM @ 108 PSI (H.H. Pumps, La Mesa P.S.)
2950 GPM @ 160 PSI (Golf Course P.S.)

RESERVOIR STORAGE CAPACITY

PHASE |; 670,000 GALLONS ABOVE GROUND STEEL TANK
PHASE II; 1,500,000 GALLONS BURIED REINFORCED CONCRETE TANK
TOTAL; 2,170,000 GALLONS
SYSTEM OPERATING CRITERIA
RESERVOIR
FILLING; 6 A.M.-9 P.M. DAILY
SITE USE; 9 P.M.-6 A.M. DAILY
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RECYCLED WATER
SYSTEM PHASES

CITY OF SANTA BARBARA
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ATTACHMENT B
Recycled Water System Schematic
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Attachment C

ATTACHMENT C
Recycled Water System Operation Data
(May 31, 2012 through June 6, 2012)
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Appendix C-1: Process Design Calculations

= MF System Design Criteria
= UF System Design Criteria
=  On-Site Recycled Water Storage Tank Sizing
*=  Chemical Systems Design Criteria
* Chemical Material Safety Data Sheets
- AqQqueous Ammonia
- Sodium Hypochlorite
- Citric Acid

- Sodium Hydroxide (Caustic Soda)
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CDM

smlth Client: Santa Barbara Job No.: 120499-90670  Computed By: E. You
Project: El Estero WWTP Tertiary Filtration Facility Checked By: J. Yoshimura Date: 7/9/2012
Detail: MF System Design Criteria Date Checked: 11/19/2012 Page No.: 1 of 3
3 Skids
MF System
MF Influent Flow 3,222,342 gpd 2,238 gpm
MF Influent Pressure 50to 70 psi
Overall MF System Recovery, Minimum 93%
MF Filtrate Flow 3,000,000 gpd 2,083 gpm
MF Feed Pump
No. of Duty Pumps 2
No. of Standby Pumps 1
Flow per Pump 1,119 gpm
Head 60 psi
Motor bHP 39 hp
Motor HP 40 hp
VFD Yes
Strainer
Type Auto-Backwash Strainer
No. of Units 2 units
Flow Capacity per Unit 1,119 gpm
Screen Pore Size, Minimum 300 microns
Strainer Recovery, Minimum 98%
MF Membrane
MF Recovery, Minimum 95%
Nominal Pore Size 0.10 micron
Material PVDF
Type/Fiber Flow Path Pressurized/Outside-In
Membrane Area Per Module 538 sf (Based on Asahi Membranes)
ManMFacturer Pall Corporation
Model Microza
MF System Configuration
No. of Duty Trains
No. of Standby Trains
MF Train
Production Capacity per Train 1,000,000 gpd 694 gpm
Average Design Flux 20 gfd (without CEBs)
Max Instantaneous Flux 30 gfd
Required Membrane Area per Train 50,000 sf
Required No. of Membrane Elements per Train 93
Total No. of Installed Membranes 88
Spare Space 15%
Total No. of Membrane Space 101

Operating Flux

Online Factor 89%
Average Flux 21 gfd
Maximum Instantaneous Flux 25 gfd

Maximum Instantaneous Flux with 1 Skid Offline 37 gfd




CDM

smlth Client: Santa Barbara Job No.: 120499-90670  Computed By: E. You
Project: El Estero WWTP Tertiary Filtration Facility Checked By: J. Yoshimura Date: 7/9/2012
Detail: MF System Design Criteria Date Checked: 11/19/2012 Page No.: 2 of 3
3 Skids
Operating Conditions
Filtration
Instantaneous Flux, Maximum 37 gfd
Filtration Duration 30 min
Backwash
Backwash Interval 34 minutes
Air Scour/Reverse Filtration (AS/RF) Flo 704 gpm (based on 8 gpm per module)
AS/RF Duration 1.00 minutes
Reverse Filtration (RF) Flow Rate 1,584  gpm (based on 18 gpm per module)
RF Duration 0.33 minutes
Total Backwash Cycle Duration 3.58 minutes
(incl. backwash, air scour, drain, refill, etc.)
CIP
CIP Interval, Minimum 30 days
CIP Duration, Maximum 8 hours

Calculated Recovery

Total Filtered Water 3,157,895 gpd
Total Backwash Water 158,479 gpd
Actual Recovery 95%

MF Filtrate Tank

No. of Duty Tanks 1

Type of Tank HDPE or FRP
Nominal Capacity per Tank 12,000 gallons
Tank Diameter, Maximum 12 ft

Tank Sideshell Height, Minimum 16.5 ft
Residence Time at Design Flow 5.8 minutes

MF Backwash Pump

No. of Duty Pumps 1

No. of Standby Pumps 1

Flow per Pump 1,584 gpm
Head 50 psi
Motor bHP 46 hp
Motor HP 50 hp

VFD Yes



Smith

Client: Santa Barbara

Project: El Estero WWTP Tertiary Filtration Facility

Detail: MF System Design Criteria

3 Skids

Job No.: 120499-90670

Checked By: J. Yoshimura
Date Checked: 11/19/2012

Computed By: E. You

Date: 7/9/2012
Page No.: 30of 3

CIP Tank Sizing
Required Capacity for MF CIP =

Required Capacity for RO Flush =
Required Capacity for RO CIP =

Required CIP Tank Usable Volume =

Diameter =

Area =

Usable Height =

Freeboard (above LSHH) =
Min Level (below LSLL) =
Required Sideshell Height =
Required Nominal Volume =

CIP Tank

No. of Duty Tanks

Type of Tank

Heater

Nominal Capacity per Tank
Tank Diameter, Maximum

Tank Sideshell Height, Minimum

CIP Pump

No. of Duty Pumps
No. of Standby Pumps
Flow per Pump

Head

Motor bHP

Motor HP

VFD

gal (Assumed 3 Volumes (1V for batch chemical
solution + 2V for rinse cycles))

1,584
846 gal
1,692 gal
1,700 gal
7.00 ft
38 ftr2
5.90 ft
0.50 ft
0.50 ft
6.90 ft
2,000 gal
2
HDPE or FRP
Yes
2,000 gallons
7 ft
7.0 ft
1
1
704 gpm
50 psi
21 hp
25 hp

Yes
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CDM

smlth Client: Santa Barbara Job No.: 120499-90670  Computed By: E. You
Project: El Estero WWTP Tertiary Filtration Facility Checked By: J. Yoshimura Date: 7/9/2012
Detail: UF System Design Criteria Date Checked: 11/19/2012 Page No.: 1 of 3
3 Skids
UF System
UF Influent Flow 3,222,342 gpd 2,238 gpm
UF Influent Pressure 50to 70 psi
Overall UF System Recovery, Minimum 93%
UF Filtrate Flow 3,000,000 gpd 2,083 gpm
UF Feed Pump
No. of Duty Pumps 2
No. of Standby Pumps 1
Flow per Pump 1,119 gpm
Head 60 psi
Motor bHP 39 hp
Motor HP 40 hp
VFD Yes
Strainer
Type Auto-Backwash Strainer
No. of Units 2 units
Flow Capacity per Unit 1,119 gpm
Screen Pore Size, Minimum 300 microns
Strainer Recovery, Minimum 98%
UF Membrane
UF Recovery, Minimum 95%
Nominal Pore Size 0.02 micron
Material PVDF
Type/Fiber Flow Path Pressurized/Outside-In
Membrane Area Per Module 775 sf (Based on Toray Membranes)
Manufacturer Toray
Model HFS-2020
UF System Configuration
No. of Duty Trains
No. of Standby Trains
UF Train
Production Capacity per Train 1,000,000 gpd 694 gpm
Average Design Flux 20 gfd (without CEBs)
Max Instantaneous Flux 30 gfd
Required Membrane Area per Train 50,000 sf
Required No. of Membrane Elements per Train 65
Total No. of Installed Membranes 62
Spare Space 15%
Total No. of Membrane Space 71

Operating Flux

Online Factor 88%
Average Flux 21 gfd
Maximum Instantaneous Flux 25 gfd

Maximum Instantaneous Flux with 1 Skid Offline 37 gfd




CDM

smlth Client: Santa Barbara Job No.: 120499-90670  Computed By: E. You
Project: El Estero WWTP Tertiary Filtration Facility Checked By: J. Yoshimura Date: 7/9/2012
Detail: UF System Design Criteria Date Checked: 11/19/2012 Page No.: 2 of 3
3 Skids
Operating Conditions
Filtration
Instantaneous Flux, Maximum 37 gfd
Filtration Duration 25 min
Backwash
Backwash Interval 28 minutes
Reverse Filtration (RF) Flow Rate 1,042 gpm
Backwash Flow Duration 1.00 minutes
Total Backwash Cycle Duration 3.25 minutes
(incl. backwash, air scour, drain, refill, etc.)
CIP
CIP Interval, Minimum 30 days
CIP Duration, Maximum 8 hours

Calculated Recovery

Total Filtered Water 3,157,895 gpd
Total Backwash Water 159,292 gpd
Actual Recovery 95%

UF Filtrate Tank

No. of Duty Tanks 1

Type of Tank HDPE or FRP
Nominal Capacity per Tank 12,000 gallons
Tank Diameter, Maximum 12 ft

Tank Sideshell Height, Minimum 16.5 ft
Residence Time at Design Flow 5.8 minutes

UF Backwash Pump

No. of Duty Pumps 1

No. of Standby Pumps 1

Flow per Pump 1,042 gpm
Head 50 psi
Motor bHP 30 hp
Motor HP 40 hp

VFD Yes




CDM

smlth Client: Santa Barbara Job No.: 120499-90670  Computed By: E. You
Project: El Estero WWTP Tertiary Filtration Facility Checked By: J. Yoshimura Date: 7/9/2012
Detail: UF System Design Criteria Date Checked: 11/19/2012 Page No.: 30of 3
3 Skids
CIP Tank Sizing
Required Capacity for UF CIP = 3,125 gal (Assumed 3 Volumes (1V for batch chemical
solution + 2V for rinse cycles))
Required Capacity for RO Flush = 846 gal
Required Capacity for RO CIP = 1,692 gal
Required CIP Tank Usable Volume = 3,200  gal
Diameter = 7.00 ft
Area = 38 ftr2
Usable Height = 11.11 ft
Freeboard (above LSHH) = 0.50 ft
Min Level (below LSLL) = 0.50 ft
Required Sideshell Height = 12,11 ft
Required Nominal Volume = 3,500 gal
CIP Tank
No. of Duty Tanks 1
Type of Tank HDPE or FRP
Heater Yes
Nominal Capacity per Tank 3,500 gallons
Tank Diameter, Maximum 7 ft
Tank Sideshell Height, Minimum 12.5 ft
CIP Pump
No. of Duty Pumps 1
No. of Standby Pumps 1
Flow per Pump 1,042 gpm
Head 50 psi
Motor bHP 30 hp
Motor HP 40 hp
VFD Yes
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cDm

mith Client: City of Santa Barbara Job No.: 120499-90670 Computed By: J. Yoshimura
Project: Tertiary Filtration Facility Date Checked: Date: 10/15/2012
Detail: Recycled Water Storage Checked By: Page No.: 1

Cumulative Inflow 2,531,602 |gal
Cumulative Outflow 2,531,602 |gal
RW Storage Required 1,122,376 |gal Daily peak flows for 1 day
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Distribution Storage Sizing

Time

15

30

45

60

75

90
105
120
135
150
165
180
195
210
225
240
255
270
285
300
315
330
345
360
375
390
405
420
435
450
465
480
495
510
525
540
555
570
585
600

Recycled Water
Production Flow
(8pm)

1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
844.79
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89

Distribution

Flow (gpm)
0.00
23.54
15.30
78.27
19.42
0.00
84.23
86.88
118.28
423.69
1718.31
23.54
15.89
75.32
19.42
0.00
84.23
86.88
117.69
353.08
1888.97
23.54
17.07
77.09
19.42
0.00
84.09
86.81
116.52
282.46
1571.20
23.54
18.24
74.15
19.42
0.00
84.16
86.88
115.93
247.15
1718.31

Cumulative
Inflow (gal)

29158.33

58316.67

87475.00
116633.33
145791.67
174950.00
204108.33
233266.67
262425.00
291583.33
320741.67
349900.00
362571.88
375243.75
387915.63
400587.50
413259.38
425931.25
438603.13
451275.00
463946.88
476618.75
489290.63
501962.50
514634.38
527306.25
539978.13
552650.00
565321.88
577993.75
607152.08
636310.42
665468.75
694627.08
723785.42
752943.75
782102.08
811260.42
840418.75
869577.08
898735.42

Cumulative

Outflow (gal)
0.00
353.08
582.58
1756.56
2047.88
2047.88
3311.37
4614.57
6388.79
12744.20
38518.89
38871.97
39110.30
40240.15
40531.47
40531.47
41794.95
43098.16
44863.55
50159.72
78494.23
78847.31
79103.29
80259.62
80550.94
80550.94
81812.22
83114.33
84862.06
89099.00
112666.96
113020.04
113293.67
114405.87
114697.19
114697.19
115959.57
117262.78
119001.68
122709.00
148483.70

Difference
(sal)
29158.33
57963.59
86892.42
114876.77
143743.78
172902.12
200796.97
228652.09
256036.21
278839.14
282222.77
311028.03
323461.58
335003.60
347384.16
360056.03
371464.42
382833.09
393739.57
401115.28
385452.64
397771.44
410187.33
421702.88
434083.43
446755.31
458165.90
469535.67
480459.81
488894.75
494485.13
523290.38
552175.08
580221.22
609088.23
638246.56
666142.52
693997.64
721417.07
746868.08
750251.72

Absolute
Difference
(sal)
29158.33
57963.59
86892.42
114876.77
143743.78
172902.12
200796.97
228652.09
256036.21
278839.14
282222.77
311028.03
323461.58
335003.60
347384.16
360056.03
371464.42
382833.09
393739.57
401115.28
385452.64
397771.44
410187.33
421702.88
434083.43
446755.31
458165.90
469535.67
480459.81
488894.75
494485.13
523290.38
552175.08
580221.22
609088.23
638246.56
666142.52
693997.64
721417.07
746868.08
750251.72

Distribution

Flow from Cumulative
SCADA (gpm) Volume (gal)
306.00 4590
4.00 60
2.60 99
13.30 298.5
3.30 348.0049505
0.00 348.0049505
14.31 562.7139214
14.76 784.1735674
20.10 1085.673567
72.00 2165.673567
292.00 6545.673567
4,00 6605.673567
2.70 6646.173567
12.80 6838.173567
3.30 6887.678518
0.00 6887.678518
14.31 7102.387489
14.76 7323.847135
20.00 7623.847135
60.00 8523.847135
321.00 13338.84713
4.00 13398.84713
2.90 13442.34713
13.10 13638.84713
3.30 13688.35209
0.00 13688.35209
14.29 13902.68602
14.75 14123.95815
19.80 14420.95815
48.00 15140.95815
267.00 19145.95815
4.00 19205.95815
3.10 19252.45815
12.60 19441.45815
3.30 19490.9631
0.00 19490.9631
14.30 19705.48455
14.76 19926.94419
19.70 20222.44419
42.00 20852.44419
292.00 25232.44419

Target
Values

Ratio

Adjusted
Distribution
Flow (gpm)

0.00
23.54
15.30
78.27
19.42

0.00
84.23
86.88

118.28
423.69
1718.31
23.54
15.89
75.32
19.42

0.00
84.23
86.88

117.69
353.08
1888.97
23.54
17.07
77.09
19.42

0.00
84.09
86.81

116.52
282.46
1571.20
23.54
18.24
74.15
19.42

0.00
84.16
86.88

115.93
247.15
1718.31
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Time
1260
1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
1425
1440

Recycled Water
Production Flow

(8pm)
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89
1943.89

Distribution
Flow (gpm)
19.42
19411.52
90.19
92.91
97.68
300.12
11934.04
9321.26
21.18
79.44
19.42
19411.52
92.25

Cumulative

Inflow (gal)
2181702.08
2210860.42
2240018.75
2269177.08
2298335.42
2327493.75
2356652.08
2385810.42
2414968.75
2444127.08
2473285.42
2502443.75
2531602.08

Cumulative
Outflow (gal)
1618528.82
1909701.68
1911054.54
1912448.24
1913913.51
1918415.26
2097425.83
2237244.73
2237562.50
2238754.14
2239045.46
2530218.32
2531602.08

Difference

(sal)
563173.26
301158.74
328964.21
356728.84
384421.90
409078.49
259226.26
148565.68
177406.25
205372.94
234239.96
-27774.57

0.00

Absolute
Difference
(sal)

563173.26
301158.74
328964.21
356728.84
384421.90
409078.49
259226.26
148565.68
177406.25
205372.94
234239.96
27774.57
0.00
1122375.78

Distribution
Flow from

Cumulative

SCADA (gpm) Volume (gal)

3.30
3298.68
15.33
15.79
16.60
51.00
2028.00
1584.00
3.60
13.50
3.30
3298.68
15.68

275043.2387
324523.4367
324753.3347
324990.1709
325239.1709
326004.1709
356424.1709
380184.1709
380238.1709
380440.6709
380490.1758
429970.3738
430205.5224

Target

Values Ratio

2531602.08 5.884634

Adjusted
Distribution
Flow (gpm)

19.42
19411.52
90.19
92.91
97.68
300.12
11934.04
9321.26
21.18
79.44
19.42
19411.52
92.25
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Cmith

Client: Santa Barbara Job No.: 120499-90670

Project: El Estero WWTP Tertiary Filtration Facility
Detail: Chemical Systems Design Criteria
Tertiary Filtration Facilities

Checked By: E. You
Date Checked: 11/19/2012

Date:
Page No.:

Computed By: J. Yoshimura

7/9/2012
lof1

Aqueous Ammonia (system to be added as part of secondary improvements project)

SEan = 0.92
solnaa = 19.0%
rhop, = 7.67 Ibs/gal
Flows (mgd) Dosages (mg/L) Feed Rates (gph)
Min Q/ Min| AvgQ/ | Max Q/ Max
Min Avg Max Min Avg Max Dose Avg Dose Dose
Chloramination - MF/UF Feed 1.07 2.87 3.22 2.5 3 45 0.64 2.06 3.46
30 Days of Storage (gal) 461 1,480 2,488
Days of Storage Provided with 1,600 gallon Tank 104 32 19
Sodium Hypochlorite (use existing storage tanks)
S8sHc = 1.22
solngyc = 12.5%
rhogyc = 10.18 Ibs/gal
Flows (mgd) Dosages (mg/L) Feed Rates (gph)
Min Q/ Min| AvgQ/ | Max Q/ Max
Min Avg Max Min Avg Max Dose Avg Dose Dose
Chloramination - MF/UF Feed 1.07 2.87 3.22 10 12 18 2.93 9.42 15.85
Total 2.93 9.42 15.85
30 Days of Storage (gal) 2,113 6,786 11,409
Days of Storage Provided with 7,500 gallon Tank 106 33 20
Citric Acid
S8ar = 1.24
solngy = 50.0%
rhogyr = 10.34 Ibs/gal
Flows (mgd) Dosages (mg/L) Feed Rates (gph)
Min Q/ Min| AvgQ/ | Max Q/ Max
Min Avg Max Min Avg Max Dose Avg Dose Dose
MF/UF CIP N/A N/A N/A TBD TBD TBD #VALUE! | #VALUE! #VALUE!
Total #VALUE! #VALUE! #VALUE!
30 Days of Storage (gal) #VALUE! | #VALUE! #VALUE!
Days of Storage Provided with 300 gallon Tote #VALUE! | #VALUE! #VALUE!
Caustic Soda (Sodium Hydroxide)
S8cs = 1.252
solngs = 25.0%
rhocs = 10.44 Ibs/gal
Flows (mgd) Dosages (mg/L) Feed Rates (gph)
Min Q/ Min| AvgQ/ | Max Q/ Max
Min Avg Max Min Avg Max Dose Avg Dose Dose
MF/UF CIP N/A N/A N/A TBD TBD TBD #VALUE! | #VALUE! #VALUE!
Total #VALUE! #VALUE! #VALUE!
30 Days of Storage (gal) #VALUE! | #VALUE! #VALUE!
Days of Storage Provided with 300 gallon Tote #VALUE! | #VALUE! #VALUE!
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///?' Ierra@ Material Safety Data Sheet

Terra Industries Inc. Aqua Ammonia

Terra Centre — 600 Fourth Street

Sioux City, Iowa 51101 ( 1 9% NH3)

MSDS Number 2050A (Revised February 16, 2007) 8 Pages

1. CHEMICAL PRODUCT and EMERGENCY TELEPHONE CONTACT

Product Name:.........cccovveeviveeeieeciieeiee e, Aqua Ammonia (19% NHs)
Chemical Family:........cccccoeevieiiiniiiiiennn. Inorganic Nitrogen Compound
N 110211741 1 Ammonium Hydroxide; Ammonia Solution,

Aqueous Solution; Ammonia Monohydrate;
Ammonia Water; Ammonia Liquor
Formula: ........coooooviiiiiicieceeeeecee e NH,4OH in H,O
Product Use: .ot Fertilizers; Pharmaceuticals; Lubricants;
Household Cleaners; SCR NOy Control

EMERGENCY TELEPHONE NUMBERS
CHEMTREC (U.S.): i 800-424-9300
CANUTEC (Canada): ........c.ccceevennenn 613-996-6666

2. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredient Name/CAS Number Concentration Exposure Limits (NH3)
Ammonium Hydroxide / 1336-21-6 39.1% 25 ppm TWA
Water / 7732-18-5 60.9% 35 ppm STEL

50 ppm PEL
Contains 19% ammonia as NH; 300 ppm IDLH

3. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW
Corrosive liquid! May be fatal if swallowed. Vapor is toxic and irritating to eyes, nose,
throat and skin. Liquid will burn skin and eyes. Vapor is flammable under limited
conditions. Use water to control fire and disperse vapors.

NFPA Hazard Classification = Health Hazard (Blue) ........................ 3
(for ammonia vapor) Flammability (Red) ......................o. 1
Reactivity (Yellow) ...........coooiiinnin. 0
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POTENTIAL HEALTH EFFECTS

Primary Routes of Entry: Inhalation, skin contact/absorption and eye contact.

General Acute Exposure: Aqua ammonia may cause caustic injury. The severity of
injury depends upon the concentration and duration of exposure. The extent of injury
ranges from mild skin irritation or cough to severe burns or laryngeal edema and life-
threatening pulmonary edema.

Inhalation:

Corrosive! Ammonia vapor is toxic and a severe irritant of the respiratory tract. It may
cause a running nose, coughing, chest pain, cessation of respiration and death. It may cause
severe breathing difficulties, which may be delayed in onset. ADDITIONAL MEDICAL
INFORMATION: Bronchospasm, laryngitis, tracheitis, wheezing, dyspnea, and laryngeal
stridor may be noted. Mucosal burns to the tracheobronchial tree, Pulmonary Edema, and
associated hypoxemia frequently occur following exposure to concentrated ammonia.

Skin Contact:

Corrosive! Aqua ammonia is a severe irritant of the skin. Skin exposure to high
concentrations may cause pain and deep and severe burns to the skin. ADDITIONAL
MEDICAL INFORMATION: Corrosive effects on the skin and other tissues may be
delayed, and damage may occur without the sensation or onset of pain. Strict adherence to
first aid measures following exposure is essential.

Eye Contact:
Corrosive! Vapors cause irritation. Effects as a result of direct contact with aqua ammonia

may range from irritation and lacrimation to severe injury and blindness. ADDITIONAL
MEDICAL INFORMATION: Eye exposure may result in conjunctivitis, lacrimation
and/or corneal irritation. Total corneal epithelial loss may occur.

Ingestion:
Toxic! May cause corrosion to the esophagus and stomach with perforation and peritonitis.

Symptoms may include pain in the mouth, chest, and abdomen, with coughing, vomiting
and collapse. Ingestion of as little as 3-4 ml of ammonium hydroxide may be fatal.

Note to the Physician: Pneumonitis should be anticipated after severe inhalation or
ingestion. If severe exposure is suspected, observe for 48-72 hours for delayed pulmonary
edema.

Carcinogenicity:
NTP: e Not Listed
| N S Not Listed
OSHA ..ot Not Regulated

Medical Conditions Aggravated by Exposure: Chronic respiratory or skin disease.
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FIRST AID MEASURES

First Aid for Eyes: Immediately flush eyes with copious amounts of tepid water for at
least 15 minutes. If irritation, pain, swelling, excessive tearing, or light sensitivity persists,
the patient should be seen in a health care facility and referral to an ophthalmologist
considered.

First Aid for Skin: Immediately flush exposed area with copious amounts of tepid water
for at least 15 minutes followed by washing area thoroughly with soap and water. The
patient should be seen in a health care facility if irritation or pain persists.

First Aid for Inhalation: Move patient to fresh air. Monitor for respiratory distress. If
cough or difficulty in breathing develops, evaluate for respiratory tract irritation,
bronchitis, or pneumonitis. If trained to do so administer supplemental oxygen with
assisted ventilation as required. Administer artificial respiration if patient is not breathing.

First Aid for Ingestion: Call a physician. If conscious, give the patient 4 to 8 ounces of
milk or water to drink immediately. Do not induce vomiting.

FIRE FIGHTING MEASURES

Flash Point: .......cccceiiiiniiiieeeee Not Applicable

Lower Flammable Limit:..........c.ccceeenee. 15.5 % Volume in Air (for NH3)
Upper Flammable Limit: .............ccccceeenee. 27.0 % Volume in Air (for NH3)
Autoignition Temperature .......................... 1204° F (651°C) (for NH3)

Extinguishing Media: Stopping the flow of gas rather than extinguishing the fire is
usually the best procedure to follow when escaping gas is burning.

Small Fire: ...ooovvveieeeeieeiieeeeeeeeeeee, Dry chemical or CO,

Large Fire: ...ocooviiiiiieeieeeeee, Water spray, fog or foam

Special Fire Fighting Procedures: Use water to keep fire exposed containers cool. Use
water fog or foam to reduce vapor concentrations if necessary. Full protective equipment
including a self-contained breathing apparatus should be worn in a fire involving the
material.

ACCIDENTAL RELEASE MEASURES

Spill or Leak Measures: Stop leak if you can do so without risk. Keep unnecessary
people away, isolate hazard area and deny entry. Stay upwind, out of low areas, and
ventilate closed spaces before entering. Evaluate the affected area to determine whether to
evacuate or shelter-in-place by taping windows and doors, shutting off outside air intake
(attic fans, etc.), and placing a wet towel or cloth over the face (if needed). Self-contained
breathing apparatus (SCBA) and structural firefighter’s protective clothing used in
conjunction with water spray will provide limited protection in outdoor releases for short-
term exposure. Fully encapsulating, vapor-protective clothing should be worn for spills
and leaks with no fire. Use water spray to control vapors.
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CAUTION:

Runoff from vapor control or dilution of spilled product may cause pollution.

Determining Spill Size: Generally, a small spill is one that involves a single, small

Package (i.e. up to a 55 gallon drum), small cylinder, or a small (non-continuing) leak

from a large container. Small Spill:

a. Flush area with flooding amounts of water.

b. First isolate 100 feet in all directions and then protect persons downwind 0.1 miles
during daylight and 0.1 miles at night (recommended for ammonia vapor).

Large Spill:

a. Dike far ahead of liquid spill for later disposal.

b. Follow local emergency protocol for handling.

c. Firstisolate 200 feet in all directions, than protect persons downwind 0.4 miles
during daylight and 1.4 miles at night (recommended for ammonia vapor).

HANDLING AND STORAGE

Handling: Avoid contact with either liquid or vapors. Direct contact with mercury must
be avoided. Use proper PPE when working with or around aqua ammonia (See section 8).

Storage: Ambient temperature. Store in dry, well-ventilated area away from incompatible
materials. Protect against physical damage. Keep out of direct sunlight and away from

heat sources.

EXPOSURE CONTROLS, PERSONAL PROTECTION

Respiratory Protection Requirements: (for NH3)

<25 ppm:
25 to 35 ppm:

35 to 50 ppm:

50 to 250 ppm:

250 to 300 ppm:

>300 ppm:

No protection required.
Protection required if the daily TWA is exceeded.

Protection required if exposed for more than 15
minutes.

Minimum of an air-purifying respirator equipped with
ammonia canister(s) or cartridge(s).

Minimum of a full-face air-purifying respirator
equipped with ammonia canister(s) or cartridge(s).

A fresh air supply system must be used (i.e. SCBA)
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Skin Protection Requirements: Nitrile rubber, neoprene, or PVC gloves and protective
clothing should be used.

Eye Protection Requirements: Use chemical (indirectly vented) goggles when there is a
potential for eye contact. A full-face shield is recommended in addition to goggles for
added protection.

Other Protective Equipment: Safety shower and eyewash fountain should be provided
in the aqua ammonia handling area. When transporting, provide at least 5 gallons of

readily accessible, clean water and personal protective equipment.

Engineering Controls: Maintain adequate ventilation to keep ammonia concentrations
below applicable standards.

NOTE: See Section 2 for regulatory exposure limits.

PHYSICAL AND CHEMICAL PROPERTIES

Physical Form: ........cooceeiiiiiiiiiiceeeee, Liquid

COlOT: i Colorless

OdOT: .ot Strong pungent penetrating odor, ammonia.
PH e 12.0 (neat)

Specific Gravity: ......cccoceeeveeeireieieeeeen 0.9277 (@ 20° C)

Vapor Density: .......ccocveveveeeeereeeeeeeeeeene 0.60 (@ 15.5° C) for NH3
Vapor Pressure: .......cccceeeciveeciieeciieeeiee e 236 mm Hg (@ 15.5° C)
Molecular Weight: ........cccooovvvviiiiieniiienne, 35.05

Relative Density:.......c.coceveeveeeeeeeereeereerennee. 0.9261 kg/l (@ 20° C)
REACTIVITY

Stability:..cccveeeiieeiieiecie e This is a stable material.
Hazardous Polymerization:.............ccccceenen. Will not occur.

Decomposition: Will liberate ammonia if heated. Hydrogen is released on heating
ammonia above 850° F (454° C). The decomposition temperature may be lowered to 575°
F (300° C) by contact with certain metals such as nickel. At 1290° F (690°C) or in the
presence of electric spark ammonia decomposes into nitrogen and hydrogen gases, which
may form a flammable mixture in the air.

Conditions to avoid: Excessive heat.
Materials to avoid: Contact with calcium hypochlorite, bleaches, gold, mercury, and silver may

form highly explosive products. Contact with iodine, bromine or chlorine may cause violent
spattering.
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11.

TOXICOLOGICAL INFORMATION

Toxicity

Acute Oral Toxicity

LDsg Rt 350 mg/kg bw
LDsg Gt 750 mg/kg bw
Acute Toxicity, Other Routes

LDio Rabbiti.........oooiiiiiii . 10 mg/kg bw
Skin Irritation / Corrosion
Rabbit:.......cooooii Corrosive at 20% but not 10%
Eye Irritation / Corrosion
Rabbit:......coo Irritating
Genetic Toxicity in vitro

Gene Mutation E. COli:.......oeeeecvveevcrveenienannne. Negative

Genetic Toxicity in vivo
Gene Mutation Drosophila melanogaster: ....No evidence for mutagenicity

Ecotoxicity

Acute Toxicity to Fish
LCsg Cyprinus carpio: ...........cccceeveennene. 1.34 — 1.70 mg un-ionized NH3/L (48 hr
semi-static)

Acute Toxicity to Aquatic Invertebrates

LCso  Daphnia magna:. ..................cc........ 32 mg NH4OH/L (48 hr static)
Chronic Toxicity to Fish
LCso  Ictalurus punctatus: ........................ 37.5 ppm (8 days)

Source: TFI Product Testing Program April 2003

12.

ECOLOGICAL INFORMATION

a. Ammonia is harmful to aquatic life in very low concentrations and may be
hazardous if it enters water intakes.

b. Local health and wildlife authorities, as well as operators of water intakes in the
vicinity, should be notified of water releases.

c. Waterfowl toxicity may occur at elevated concentrations.

d. Ammonia does not concentrate in the food chain.

e. The conversion of ammonia to nitrites/nitrates by bacteria in aquatic systems can
reduce the concentration of dissolved oxygen (referred to as nitrogenous oxygen
demand).

Effect on water treatment process: Chlorination will produce chloramines, which are more readily
detected by taste and odor.

Note: See Ecotoxicity information in section 11.
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13. DISPOSAL CONSIDERATIONS

Reclaim as fertilizer if possible. Otherwise, waste must be disposed of in accordance with federal, state,
and local environmental control regulations.

14. TRANSPORTATION