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Chapter 1
INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

Sewer Authority Mid-Coastside (SAM) is interested in pursuing development of recycled
water facilities, namely filtration and disinfection to meet California Title 22 tertiary
treatment, unrestricted use, requirements.

This study is a supplement to the Water Reclamation Program Preliminary Economic
Feasibility Study (Feasibility Study) developed by Carollo Engineers for the Coastside
County Water District in August 2003. The 2003 Feasibility Study focused on two possible
irrigation uses for recycled water, Ocean Colony Golf Courses and Skylawn Memorial Park
Cemetery. The 2003 study also contained limited preliminary information on the SAM
effluent water quality and the possible facilities needed to produce tertiary treated recycled
water. Where appropriate, this supplemental study contains exact excerpts from the 2003
study. The 2003 Feasibility Study is contained in Appendix A.

This supplemental study focuses on identification of the process improvements that would
be needed to meet Title 22 tertiary treatment requirements for unrestricted use for a dry
weather flow of 1.65 million gallons per day (mgd) and peak wet weather flow of 15 mgd.
The purpose of this study is to provide information on the feasibility of constructing tertiary
facilities at the SAM WWTP. The potential types of uses include golf courses and
agricultural irrigation and possibly supplementing Pilarcitos Creek.

1.2 BACKGROUND

The Sewer Authority Mid-Coastside (SAM) Wastewater Treatment Plant (WWTP) provides
wastewater treatment for the Half Moon Bay area, including the City of Half Moon Bay, the
Granada Sanitary District, and the Montara Sanitary District. The service area has a
population of approximately 22,000 people. The WWTP is located about one half-mile
northwest of the intersection of Highway 1 and Highway 92 in Half Moon Bay, near the
Pilarcitos Creek ocean discharge. The WWTP is designed to accommodate average dry
weather flows of 4.0 mgd and peak hour wet-weather flows of 15 mgd. The current average
annual discharge from the WWTP is 1.65 mgd.

The WWTP provides secondary wastewater treatment. WWTP processes consist of
primary treatment including screening, grit removal and primary sedimentation, secondary
treatment consisting of conventional activated sludge treatment and secondary clarification,
and disinfection by chlorination/dechlorination prior to ocean discharge.

Treated wastewater is discharged to the Pacific Ocean through a 20-inch pipeline, which
extends 1,900 feet offshore to a depth of 40 feet. The SAM WWTP operates under Waste
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Discharge Requirements (WDR) and a National Pollutant Discharge Elimination System
(NPDES) Permit issued by the Regional Water Quality Control Board (RWQCB).
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Chapter 2
RECYCLED WATER USES AND QUALITY REQUIREMENTS

2.1 GENERAL

California has been practicing water recycling since the last century. In fact, the fastest
growing water supply in California is recycled water. Water, including recycled water, is a
very precious resource in both northern and southern California. The total amount of
recycled wastewater used in California in the year 2003 was estimated to be 525,500 acre
feet, approximately two-thirds of which was used for irrigation. Of the total amount of water
recycled in California, Region 2 (the San Francisco Bay Region) recycles approximately

6 percent and about 34 percent of the water recycled in Region 2 is used for landscape
irrigation.

Some uses for recycled water include:

8 Irrigation: farms, parks, golf courses, roadway landscaping, and residential and
commercial landscaping.

I Industrial Cooling.

" Construction.

8 Firefighting.

I Seawater Intrusion Barriers.

8 Groundwater Recharge.

8 Fisheries Enhancement.

8 Wildlife Habitat Maintenance and Development.
" Recreational Lakes.

8 Toilet Flushing.

The existing water recycling regulations, which dictate wastewater treatment processes and
effluent quality criteria, are contained in the California Code of Regulations, Title 22,
Division 4, Chapter 3, Sections 60301 through 60355. A compilation of the water recycling
regulations is published in the statesi iThe Purple Book.i The Purple Book can be found at
http://lwww.dhs.ca.gov/ps/ddwem/publications/waterrecycling/purplebookupdate6-01.PDF.
These regulations are intended "...to establish acceptable levels of constituents of recycled
water and to prescribe means for assurance of reliability in the production of recycled water
in order to ensure that the use of recycled water for the specified purposes does not impose
undue risks to health..." The most recent revision to these regulations came into effect in
2001.

FINAL - August 2005 2-1

H:\Final\Sam_WCO0\6851D00\rpt\Final\02.doc



2.2 RECYCLED WATER QUALITY REQUIREMENTS

The DHS regulations define four types of recycled water determined by the treatment
process and total coliform, bacteria, and turbidity levels. The four treatment types of
recycled water that are currently permitted by the DHS are summarized in Table 2.1.

Table 2.1 Recycled Water Treatment Regulations California Code of Regulations,
Title 22, Division 4, Chapter 3
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Total Coliform
Treatment Level Approved Uses Standard (Median)

Disinfected Tertiary Recycled Spray Irrigation of Food Crops 2.2/100 mi

Water Landscape Irrigation®

Nonrestricted Recreational

Impoundment
Disinfected Secondary i Surface Irrigation of Food Crops 2.2/100 mi
2.2 Recycled Water Restricted Recreational

Impoundment
Disinfected Secondary fi Pasture for Milking Animals 23 /100 ml

23 Recycled Water Landscape Irrigation®®

Landscape Impoundment

Undisinfected Secondary Surface Irrigation of Orchards N/A
Recycled Water and Vineyards®

Fodder, Fiber and Seed Crops

Notes:

(1) Includes unrestricted access golf courses, parks, playgrounds, school yards, and other
landscaped areas with similar access.

(2) Includes restricted access golf courses, cemeteries, freeway landscapes, and
landscapes with similar public access.

(3) No fruit is harvested that has come in contact with irrigating water or the ground.

2.3 ENDOCRINE DISRUPTING CHEMICALS (EDCs)

Recently, the public and users of recycled water have been hearing about iemerging
pollutants of concernt such as endocrine disrupting chemicals and pharmaceuticals.
Research in the effects of EDCs on the environment and public health is in its initial stages.
The following is a summary of our current understanding of EDCs.

In a recent publication (2002) by the World Health Organization, entitled Global
Assessment of the State-of-the-Science of Endocrine Disruptors, endocrine disrupting
chemicals are defined as ian exogenous substance or mixture that alters function(s) of the
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endocrine system and consequently causes adverse health effects in an intact organism, or
its progeny, or (sub)populations.t EDCs block, mimic, stimulate, or inhibit the production of
natural hormones, disrupting the endocrine systemis natural functions. The endocrine
system is a combination of glands and hormones that assist in vertebrate reproduction,
growth, and development. Endocrine disruption may be described as a functional change
within an organism that may lead to adverse health effects.

In recent years there has been heightened scientific awareness and public debate over
potential impacts that may result from exposure to EDCs. Humans, fish, and wildlife species
could potentially be affected by sufficient environmental exposure to EDCs.

2.3.1

Background

EDCs can be both natural or man made contaminants. Plants, such as soybeans and
garlic, produce natural EDCs as a defense mechanism. However, most EDCs are man-
made synthetic chemicals, which are unintentionally released into the environment. Certain
drugs, such as birth control pills, intentionally alter the endocrine system. Categories and
sources of substances that are potential EDCs are presented in Table 2.2.

Table 2.2 Potential Endocrine Disrupting Chemicals®
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside
Example of Examples of Example of
Category Substances Uses Sources

Polychlorinated
Compounds

Organochlorine
Pesticides

Other Pesticides
(current use)

Organotins

Alkylphenolics

Polychlorinated dioxins,
Polychlorinated biphenyls

DDT, Dieldrin, Lindane

Atrazine, Trifluralin,
Permethrin

Tributyltin
Nonylphenol

Industrial production
of by-products
(mostly banned)

Insecticides (many
phased out)

Pesticides

Antifoulants on ships

Surfactants (and
their metabolites)

Incineration, landfill

Agricultural runoff
Agricultural runoff
Harbors

Industrial and
municipal effluents

(1) Canadian Wildlife Service, Pacific Wildlife Research Center.

Phthalates Dibutyl phthalate, Butylbenzyl  Plasticizers Industrial effluent
phthalate

Hormones 17-beta estradiol, Estrone Produced naturally Municipal effluents

by animals

Synthetic Ehynylestradiol Contraceptives Municipal effluents

Steroids

Phytoestrogens  Isoflavones, Ligands, Present in plant Pulp mill effluents
Coumestans material

Note:
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2.3.2 Ecological Effects

The National Toxicology Program (NTP) draft report of the Endocrine Disruptors Low-Dose
Peer Review was transmitted to the EPA in August 2001 (http://ntp-server.niehs.nih.gov/
htdocs/liason/LowDosePeerFinalRpt.pdf). As stated in the NTP report, ithe focus of this
review was on tbiological changei rather than on tadverse effecti because, in many cases,
the long-term health consequences of altered endocrine function during development have
not been fully characterizedi (NEIHS 2001). Results of the Draft NTP Report found that
endocrine disrupting effects were demonstrated when laboratory animals were exposed to
low-dose endocrine active agents.

Research by Desbrow et al., has documented the presence of 17-beta ethynylestradiol (a
synthetic hormone used in the birth control pill) in wastewater and suggested that the
presence of natural and synthetic estrogen hormones in wastewater has induced
vitellogenin production in male fish (Desbrow et al., 1998). Vitellogenin is a female protein
involved in reproduction that is normally only found in females. Jobling et al., has shown
similar results with alkylphenolic compounds, breakdown products of a group of industrial
surfactants used in products such as paints, herbicides, and cosmetics (Jobling et al.,
1996).

Other research has since confirmed that natural and synthetic estrogens are present in
effluents in sufficient quantity to cause endocrine disruption in fish (Rodgers-Gray et al.,
2000). There is a general lack of data that links exposure to low levels of EDCs to adverse
effects in fish and terrestrial wildlife.

Adverse effects have been observed in humans when exposed to endocrine disruptors.
However, the only cases documented have been in regard to instances of gross exposure.
Human exposure and dose response to EDCs in concentrations at the low levels found in
the environment is still unknown.

The absence of adequate exposure data, especially exposure data during critical
development periods, is the weakest link in determining whether any observed adverse
effects in humans and/or fish and wildlife are linked to EDCs. The World Health
Organization concludes that iOour current understanding of the effects posed by EDCs to
wildlife [including fish] and humans is incomplete.1

In a recent study conducted by the USGS (Barnes et al., 2002), occurrence of EDCs or
potential EDCs was found to be high in surface waters across the country. In the study,
139 streams were sampled across 30 states for 95 EDCs or potential EDCs. The study
found 80 percent of the streams sampled contained at least one of the listed constituents.
Although occurrence was relatively high, measured concentrations were low, usually below
drinking water standards for compounds having such standards.
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2.3.3 Regulations

In 1996, new legislation required that the U.S. EPA idetermine whether certain substances
may have an effect in humans that is similar to an effect produced by a naturally occurring
estrogen or other such endocrine effect.m In response, the EPA developed the Endocrine
Disrupter Screening and Testing Advisory Committee. That committee was charged with
providing advice on how to design a screening and testing program for EDCs. The final
report was issued in August 1998 and an approach for screening of chemicals for endocrine
disrupting effects was recommended. Screening is currently being performed. Additionally,
the EPA has sponsored the National Toxicology Program and the National Institute of
Environmental Health Sciences to conduct a scientific peer review to evaluate reported low
dose reproductive and developmental effects and dose-response relationships for EDCs.

In the December 2004 Groundwater Recharge Reuse draft regulation of Title 22, DHS has
included monitoring requirements for EDCs and pharmaceuticals in recycled water used for
the purpose of groundwater recharge. However, the requirements do not identify the
specific contaminants to be monitored, and do not currently apply to other uses of recycled
water such as irrigation.

2.3.4 Water Quality Standards

A few endocrine disruptors have been banned in the United States, such as PCBs, DDT,
and chlordane. However, these chemicals were banned for their carcinogenic effects, not
their estrogenic effects. Some European countries are further along in phasing out certain
chemicals because of their hormone interference, but this action is not common among
governmental agencies worldwide. The approach in the United States has been that more
definitive information needs to be gathered and conclusive research conducted before
regulatory measures can be taken.

Although some chemicals have been conclusively determined to be EDCs, many chemicals
are termed isuspect,i because there is not enough data to make a decisive determination
regarding their endocrine disrupting characteristics. Some known EDCs (e.g., PCBs, DDT,
chlordane) are already regulated via surface water quality standards or drinking water
standards based on their toxicological and carcinogenic effects. However, no water quality
standards currently exist for natural and synthetic estrogens or related pharmaceutical
chemicals. Based on the current state of knowledge regarding dose-response relationships
of EDCs for various organisms at the low-levels in which they can occur in surface waters, it
is likely to be a number of years, possibly many years, before any such standards are
promulgated.

2.3.5 Recycled Water Applications

Recently, some concerns have arisen regarding the use of recycled water containing
endocrine disrupting compounds (EDCSs), personal care products, pharmaceutically active
compounds, and other constituents of concern. No current regulations are in effect
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regarding EDCs in recycled water. However, the DHS issued revised Draft Groundwater
Recharge Reuse Regulations in December 2004, which contain monitoring requirements
for a list of EDCs, including hormones, industrial compounds, and pharmaceuticals. The
draft regulations, which are in the beginning stages of development, are available online at
http://lwww.dhs.ca.gov/ps/ddwem/publications/waterrecycling/rechargeregulationsdraft-12-
01-04.pdf. It will be important to track research and regulations related to the use of
recycled water, particularly as related to these concerns.

Some experts conclude that EDCs do not have an affect on irrigation and plant uptake. For
example, Dr. Bahman Sheikh, an independent reuse consultant with a B.Sc. in Agricultural
Engineering and Ph.D. in soil physics, stated iPlant materials, due to their physiological
limitations, are unable to uptake any but the simplest forms and very small molecules, such
as water. That is why these is no data on plant uptake of organic compounds - EDCs
included.i When asked about possible degradation of the soil matrix, Dr. Sheikh added,
iThe soil matrix is composed mostly of sand (silica), silt, clay, and a small percentage of
organic matter. You canit degrade the mineral fraction of the soil matrix with a few
microgram per liter of organic compounds. In fact organic compounds disintegrate within
the soil matrix rather quickly and are replenished by the die-off of plant residues, manure,
fertilizers, etc. The organic fraction actually improves soil structure and increases water
holding capacity, root penetration, nutrient availability, etcOin short, higher productivity.i
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Chapter 3

WATER QUALITY/QUANTITY

3.1 WWTP EFFLUENT WATER QUALITY/QUANTITY

3.1.1 Existing Wastewater Facilities

The WWTP is designed to accommodate average dry weather flows of 3.75 mgd and peak
hour wet-weather flows of 15 mgd. The WWTP’s current average dry weather discharge is
1.65 mgd.

The WWTP provides secondary wastewater treatment. WWTP processes consist of
primary treatment including screening, grit removal and primary sedimentation, secondary
treatment consisting of conventional activated sludge treatment and secondary clarification
prior to ocean discharge.

Treated wastewater is discharged to the Pacific Ocean through a 20-inch pipeline, which
extends 1,900 feet offshore to a depth of 40 feet. The SAM WWTP operates under Waste
Discharge Requirements (WDR) and a National Pollutant Discharge Elimination System
(NPDES) Permit issued by the Regional Water Quality Control Board (RWQCB).

3.1.2 Current Water Quality Characteristics

SAM WWTP effluent monitoring data from January 1, 2002 to March 31, 2005 is
summarized in Table 3.1 and Figures 3.1 to 3.6. Influent flow reached a maximum of

15 mgd and a minimum of 0.3 mgd, occurring in the winter and summer months
respectively. The semiannual variations seen in flow and temperature are also reflected in
effluent turbidity, ammonia, and coliforms. Turbidity tended to peak in autumn, likely a result
of the flush of debris in the wet season’s first rains. Ammonia was usually highest in the
summer months, with the exception of winter 2004, which saw peak levels of 46.5 mg/L.
Coliform peaks coincided with summer high temperature/low flow conditions and autumn
high flow conditions and were typically lowest during the spring. Data on other parameters,
including dissolved oxygen and metals, can be seen in Appendix B.

3.2 WATER TREATMENT PROCESSES PER RECYCLED WATER
USE

Potential uses for recycled water were identified for the Mid-Coastside area. These include:
I Turf irrigation (golf courses, cemeteries, parks).

I Agricultural irrigation (crops, nurseries, cut flowers, tree farms).

8 Stream flow augmentation (Pilarcitos Creek).

8 Groundwater recharge.
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Table 3.1 Sewer Authority Mid-Coastside WWTP Water Quality
January 1, 2002 - March 31, 2005
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside
Parameter Units Min Ave Max
Flow mgd 0.034 1.909 14.970
Temperature °C 15.2 19.7 23.5
PH -- 6.85 7.32 7.60
Turbidity NTU 2.30 6.935 28.00
Ammonia mg/L 0.22 247 46.5
non-
Total Coliform MPN detect!) 58 800

Notes:

(1) Detection limit < 20; non-detects valued as 10 for average calculation.

Table 3.2 summarizes the potential uses of recycled water and expected treatment
processes. The following sections discuss the water quality requirements in further detail.

Table 3.2 Treatment Processes for Recycled Water Uses in Mid-Coastside
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Recycled Water Use

Required Treatment of Secondary Effluent

Turf irrigation (golf courses, parks)

Agricultural irrigation - (crops, cut flowers,
or nurseries

Stream flow augmentation

Groundwater recharge

Coagulation/flocculation
Filtration

Disinfection (UV or chlorine)
Gypsum conditioning (if needed)
Coagulation/flocculation
Filtration

Disinfection (UV or chlorine)
Nitrification/denitrification
Coagulation/flocculation
Filtration

UV disinfection
Post-aeration

Cooling
Nitrification/denitrification
Coagulation/flocculation
Filtration

UV disinfection

Reverse osmosis
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3.2.1  Turf Irrigation

Standard water quality guidelines for irrigation are compared to SAM’s current effluent
water quality in Table 3.3. Effluent data were collected by the WWTP for key irrigation water
quality parameters on November 20, 2002. These constituents are not regularly monitored,
so special sampling was conducted for comparison purposes.

In Table 3.3, it can be seen that salinity (electroconductivity and total dissolved solids),
sodium, chloride, and bicarbonate levels fall within the moderate degree of restricted use
category. Also, the combined nitrogen levels are considered a severe use restriction. The
restrictions indicate that an increased level of management should accompany any
irrigation.

Salinity in SAM'’s effluent is not expected to be a limiting factor, except on the most
sensitive plants. Most grasses and landscape plants are tolerant of the levels of sodium ion
present. Normal irrigation inefficiencies and rainfall should provide adequate leaching to
provide a favorable salt balance in the root zone.

However, recent experience with several golf course irrigation projects in the coastal area
has shown that golf course superintendents may prefer a lower sodium absorption ratio
(SAR). To reduce the SAR, gypsum could be added to the recycled water either on site at
the golf course or at the WWTP.

Ornamentals and turf grasses may respond to elevated total nitrogen levels with excessive
growth. The rate of application and timing of nitrogen fertilizer should be adjusted as
needed to prevent the addition of excess levels of nitrogen. Grasses tend to absorb high
levels of nitrogen, making them tolerant of excess amounts in the soil.

It is important to understand that the successful long-term use of irrigation water depends
on numerous factors, including rainfall, leaching, soil drainage, irrigation water
management, salt tolerance of plants, and soil management practices, in addition to water
quality.

3.2.2 Golf Course Irrigation

The Ocean Colony development is located on the Pacific Coast, about three miles south of
the Sewer Authority Mid-Coastside Wastewater Treatment Plant (SAM WWTP) on
Highway 1. Two 18-hole golf courses are part of the site. The Links Course is intertwined
with the housing subdivision, while the Ocean Course stands separately to the south.
Ocean Colony irrigates a total area of 210 acres.

3.2.2.1 Water Demand Estimate

Actual irrigation water usage reported by the Ocean Colony golf courses from their wells in
2001 totaled 347.1 acre-feet [113.1 million gallons (MG)], or approximately 1.7 feet per year
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Table 3.3 Water Quality Guidelines for Irrigation!”

Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Established Criteria

Degree of Use Restriction®3*
SAM
Irrigation Water Key Slight to Effluent
Quality Parameter Units  None Moderate ~ Severe value®
Salinity  EC, dS/m <0.7 0.7-3.0 >3.0 1.20
TDS mg/L <450 450-2000 >2000 570
Permeability® ECuw
SAR =0-3 and Ecy, = >0.7 0.7-0.2 <0.2
SAR = 3-6 and Ec,, = >1.2 1.2-0.3 <0.3 3.94
SAR =6-12 and Ec,, = >1.9 1.9-0.5 <0.5
SAR =12-20 and Ecy, = >2.9 2.9-1.3 <1.3
SAR = 20-40 and Ecy, = >5.0 5.0-2.9 <2.9
Sodium (Na)
Surface SAR <3 3-9 >9 3.94
Sprinkler mg/L <70 >70 110
Chloride (ClI)
Surface mg/L <70 70-355 >7355 130
Sprinkler mg/L <100 >100 130
Boron (B) mg/L <0.7 0.7-3.0 >3.0 0.37
Bicarbonate mg/L <90 90-500 >500 380
pH - 6.5-8.4 (normal range) 7.3
Ammonia (NH,) mg/L (see combined N values below)
Nitrate (NOs) mg/L (see combined N values below)
Combined Nitrogen (N) mg/L <5 5-30 >30 48
Notes:

(1)
()

®)
(4)

Adapted from University of California Committee of Consultants (1974), and Ayers and
Westcot (1984).

Method and Timing of Irrigation: Assumes normal surface and sprinkler irrigation methods
are used. Water is applied as needed, and the plants utilize a considerable portion of the
available stored soil water (50% or more) before the next irrigation. At least 15 percent of the
applied water percolates below the root zone (leaching fraction [LF] > 15%).

Site Conditions: Assumes soil texture ranges from sandy loam to clay with good internal
drainage with no uncontrolled shallow water table present.

Definitions of “The Degree of Use Restriction” terms:

None = Recycled water can be used similar to the best available irrigation water.

Slight = Some additional management will be required above that with the best available
irrigation water in terms of leaching salts from the root zone and/or choice of plants.
Moderate = Increased level of management required and choice of plants limited to those
which are tolerant of the specific parameters.

Severe = Typically cannot be used due to limitations imposed by the specific parameters.
SAM Effluent Values based on data collected June 22, 2005.

Permeability is evaluated based on the combination of sodium adsorption ratio (SAR) and
Electrical Conductivity (EC) values.
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(ft/yr). Actual average usage demand was approximately 0.57 million gallons per day (mgd)
over an eight month irrigation cycle. Supplemental water was purchased from CCWD
during several prolonged hot and dry periods. An expected demand of 430 acre-feet per
year (afy) was used in the 2003 Feasibility Study, based on the average flowrate of

0.57 mgd over an eight month period.

3.2.2.2 Water Quality

The Ocean Colony golf courses currently receive irrigation water supply from 4 wells
located just south of the SAM treatment plant, near Pilarcitos Creek at the end of Balboa
Boulevard. According to Ocean Colony staff, the well water contains moderately elevated
levels of bicarbonates, soluble salts, sodium, and chlorides. The water is suitable for
irrigating golf course turf if managed properly, including periodic applications of calcium.
Winter rains appear to remove the elevated levels of contaminants between irrigation
seasons.

3.2.3 Agricultural Irrigation

Per the EPA 2004 Guidelines for Water Reuse, the chemical constituents of concern in
reclaimed water for agricultural irrigation are salinity, sodium, trace elements, excessive
chlorine residual, and nutrients. Treatment requirements for agricultural irrigation use are
the same as required for turf irrigation. However, if nitrogen concentrations are a concern,
nitrification removal would be added. Gypsum may or may not be required to adjust the
sodium adsorption ratio, depending on the crop to be irrigated.

In 1980, an extensive five-year study, the Monterey Wastewater Reclamation for Agriculture
Study, began and the final results of this research proved that recycled water is safe for the
irrigation of crops that are consumed without cooking. The use of recycled water for edible
crops has been practiced successfully in the Monterey/Castroville area since completion of
their tertiary recycling facilities in 1997. The treatment process train is similar to the
processes proposed for SAM.

Some concern has been expressed for using recycled water in green houses because of
the potential health risks of handling the recycled water in closed spaces and due to the
“‘mist” created. Title 22 disinfected tertiary recycled water standards permit industrial or
commercial cooling or air conditioning involving cooling tower, evaporative condenser, or
spraying that creates a mist. In fact, full body contact is allowed such as with nonrestricted
recreational impoundments.

3.2.4 Groundwater Recharge

In Northern California, the use of recycled water for groundwater recharge has been very
limited. However, it is common in the Los Angeles and Orange County areas. In general,
the Department of Health Services and the Regional Water Quality Control Board require
that the water used for recharge must not degrade existing aquifers. For the Mid-Coastside,
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as with other recharge areas, reverse osmosis (RO) would be required to eliminate
pathogens and salinity. Usually, the cost for RO is prohibitive, and therefore, this use was
not considered further.

3.3 POTENTIAL WATER QUALITY REQUIREMENTS FOR
STREAM AUGMENTATION AT PILARCITOS CREEK

3.3.1 Regulatory

If a direct discharge to Pilarcitos Creek is pursued the following plans would have to be
followed. These plans define the required treated water quality acceptable to the affected
surface water, including standards for salts, toxicity, dissolved oxygen, temperature,
ammonia, metals. Treatment to control these parameters could include processes such as
nitrification to remove ammonia, denitrification to remove biostimulants, UV disinfection,
temperature reduction, and RO. A complete comparison of water qualities (i.e., treated
water versus surface water) would be required to make final process determinations for the
SAM site.

3.3.1.1 Inland Surface Waters, Enclosed Bays and Estuaries Plan

In 2000, the SWRCB issued the Policy for Implementation of Toxics Standards for Inland
Surface Waters, Enclosed Bays and Estuaries of California. This document presents
Phase | of the Inland Surface Waters Plan and the Enclosed Bays and Estuaries Plan and
is commonly referred to as the State Implementation Plan (SIP). The SIP contains
provisions for implementing the pollutant criteria promulgated by EPA in the proposed
California Toxics Rule (CTR), the National Toxics Rule (NTR), and the water quality
objectives adopted by the RWQCBSs in their respective Basin Plans. The CTR and NTR
establish water quality standards for toxic pollutants and create provisions for
implementation of the standards. The objective of the SIP is to provide a standardized
approach for permitting discharges of toxic pollutants to non-ocean surface waters. The SIP
is also used in conjunction with watershed management approaches to achieve the water
quality standards designated in the regional Basin Plans.

In general, the controlling constituents for satisfying the CTR and SIP are metals
concentrations and pesticides. Further sampling and study would be required to identify the
“reasonable potential” of exceeding prescribed limits. In some cases, it may be necessary
to provide additional advanced treatment, such as RO to remove metals and pesticides. For
this study, it was assumed that RO would not be required. If RO is required, the treatment
costs would increase significantly.

3.3.1.2 San Francisco Bay Basin Plan

The California Water Code and the federal Clean Water Act require the adoption of water
quality control plans (Basin Plans) for each of the nine regions of California. The Basin
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Plans establish the beneficial uses, water quality objectives, and implementation plans for
the water bodies within each region.

The RWQCB adopted the fifth, and most recent, version of the San Francisco Bay Basin
Water Quality Control Plan in 1995. The Basin Plan identifies the beneficial uses waters
inland of the Golden Gate. Existing beneficial uses for Pilarcitos Creek include agricultural
supply (AGR), cold and warm fresh water habitat (COLD and WARM), fish migration
(MIGR), municipal and domestic supply (MUN), preservation of rare and endangered
species (RARE), fish spawning (SPWN), and wildlife habitat (WILD). Potential beneficial
uses include water contact and non-contact recreation (REC1 and REC2).

The Basin Plan also identifies water quality objectives and strategies to meet the objectives
for the study area. The Basin Plan can be found at http://www.swrcb.ca.gov/rwqcb2/
basinplan.htm.

3.3.2 City of Pacifica Experience

The City of Pacifica recently relocated their wastewater treatment plant to a new site and
also converted their ocean pipeline discharge to a surface water discharge and reinstated
flow into the lower reach of Calera Creek. To meet the requirements for their surface water
discharge, their treatment processes consists of sequencing batch reactors, which combine
aeration and clarification, followed by sand filtration and UV disinfection. Therefore, it is
assumed that with similar end-treatment results, SAM-treated effluent could provide stream-
flow augmentation to Pilarcitos Creek.
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Chapter 4

BENCH SCALE TESTING

Bench scale testing of the SAM WWTP secondary effluent was conducted by Carollo to
help with the preliminary process type and sizing of the flocculation, coagulation and
filtration units. A summary of the bench scale testing is presented below. A full copy of the
report is in Appendix C.

The performance of filtration systems used in water recycling facilities is strongly influenced
by the particulate concentration and size distribution in the secondary effluent. If the
secondary effluent that is to be used to produce a recycled water has a high concentration
of smaller sized patrticles, less than 10 !'m, then media filtration alone will typically not
remove enough of these smaller sized particle, and the Title 22 turbidity limit of 2 NTU will
not be satisfied by filtration alone. In cases where the secondary effluent has a high
concentration of smaller sized particles present, a coagulation step prior to filtration will be
required to satisfy the Title 22 turbidity limit.

41 TESTING PROTOCOL

To facilitate the performance of these bench scale studies, 10 gallons of secondary effluent
were collected at the SAM WWTP, put on ice and shipped overnight to Carollois Water
Research Lab in Sacramento, California.

Carollo has developed a bench scale coagulation, flocculation, and filtration testing
technique that is used in conjunction with particle size distribution analyses. This technique
requires the use of an optical particle counter that has the ability to size and count particles
between 1 and 400 I'm. Carollo has successfully used this technique to identify the required
processes in new water recycling facilities as well as to troubleshoot existing water
recycling facilities. Carollo conducted a series of bench scale coagulation, flocculation and
filtration experiments, to 1) quantify the particle concentration in the secondary effluent,

2) and to determine what processes would be required to meet the Title 22 water recycling
turbidity limit, and if necessary to determine a ball park estimate of the coagulant dose that
will be required to help condition the water such that the Title 22 turbidity limit will be
satisfied.

Three water samples were taken after each process step of the bench scale test:
secondary effluent, cloth media filtered effluent, and coagulated/flocculated/cloth media
filtered effluent. A more detailed description of how the samples were taken is provided in
Table 4.1. To quantify the water quality of each of these samples the following analyses
was performed on each of the samples:

" particle size distribution analysis;
' turbidity, and

"t UV transmittance.
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Table 4.1 Description of Water Samples
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Sample Description

Secondary effluent (the control)  Untreated secondary effluent sample

Cloth media filtered effluent Secondary effluent filtered through two types of
cloth media filters

Coagulated/flocculated/cloth Secondary effluent coagulated, flocculated, and

media filtered effluent then filtered through a cloth media filter

42 EXPERIMENTAL PROCEDURES

A description of the direct filtration experiments that were performed during testing on the
SAM secondary effluent water sample is presented in Table 4.2. The experimental
procedures used during the testing are presented in Table 4.3. The mixing regime, mixing
intensity, and mixing times used during the bench scale coagulation and flocculation
experiments are presented in Table 4.2. During Experiment 1, bench scale filtration
experiments were performed on cloth medias from an Aqua Aerobic Systems and a
Krueger cloth media disk filter. During Experiments 2 and 3 the bench scale filtration
experiments were performed using the media from an Aqua Aerobic Systems cloth media
disk filter. Previous research conducted by Carollo has demonstrated that bench scale
experiments conducted on the media from an Aqua Aerobic Systems cloth media
conservatively predicts full scale performance of both cloth and granular media (sand)
filters.

The effluent generated during these experiments was analyzed for turbidity and UV
transmittance at 254 nanometers using bench top turbidity and transmittance meters,
respectively. Particle size distribution (PSD) analysis was performed on selected effluent
samples.

4.3 EXPERIMENTAL RESULTS

The purpose of the baseline filtration testing conducted during Experiment 1 was to

1) determine if a coagulation and flocculation step prior to filtration was required, and 2) to
evaluate differences in performance of medias from two types of cloth media disk filters.
Research conducted by Carollo engineers indicates that the type of upstream biological
treatment process and the mode of operation (i.e., solids retention time [SRT]) effect the
particle size distribution in the secondary effluent. Results of the research are presented in
Figure 4.1 along with other tested secondary effluents from various types of treatment
plants.
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Table 4.2 Bench Scale Filtration Experiment Descriptions
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Coagulant Additional
Test# Description Type dosrié?fge’ p(l)JI;/g:jer
1 Baseline filtration experiments None None No
2 Filtration and flocculation experiments JC 1679 10-40 No
3 Filtration and flocculation experiments Alum 50-80 Yes

Note: Sample was collected on May 24, 2005 and tested on May 25, 2005.

Table 4.3 Experimental Testing Procedures for Direct Filtration Experiments
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Process Mixing Intensity, s™ Time, min
Rapid Mix 300 0.5
Flocculation 40 7.15®

Note:
(1) During experiment 2, a 15 minute flocculation time was employed. During
Experiment 3, a 7 minute flocculation time was employed

As can be seen from Figure 4.1, trickling filter solids contact, pure oxygen activated sludge,
and activated sludge processes operated at short SRTs produce an effluent that has a
much higher concentration of smaller sized particles than WWTPs that operate at moderate
to high SRTs. The higher the concentration of smaller sized particles in a secondary
effluent, the more difficult it will be to satisfy the Title 22 turbidity limit by filtration alone.

Bench scale filtration testing conducted during Experiment 1 confirmed that filtration alone
could not sufficiently reduce the turbidity such that the Title 22 turbidity limit of 2.0 was
satisfied. Filtration alone of the secondary effluent from the SAM WWTP resulted in a
significant decrease in effluent turbidity from 11.8 to 4.5-5 NTU. This decrease in effluent
turbidity was caused by the removal of the larger sized particles. However, filtration alone
was not able to remove enough of the particles in the <10 'm range such that the Title 22
turbidity limit could be satisfied.

In order to effectively meet the Title 22 turbidity limit, a prefiltration coagulation step prior to
filtration was required. It is also interesting to note that performance of the two different
types of media from the filters were nearly similar. Because of time limitations to conduct
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the bench scale filtration testing, all filtration testing conducted during Experiments 2 and 3
was conducted using the media from the Aqua Aerobics cloth media disk filter.

To investigate the effect that a prefiltration coagulation and flocculation step would have on
the performance of the bench scale cloth media filter, during Experiment 2 a coagulation
and flocculation step was added prior to filtration. Using the polyaluminum chloride and
polymer mixture, an increase in prefiltration coagulant dose resulted in improved filter
performance and a decrease in particle concentration across all size ranges. Proper
prefiltration coagulation and flocculation not only resulted in lower turbidity levels, but also
resulted in an increased UV transmittance. During Experiment 3, tests were conducted to
determine the dose of alum and anionic polymer that would be required to be added to the
filters to meet the Title 22 turbidity limits of 2 NTU. Alum was utilized during these
experiments because it is significantly less expensive than is the coagulant/polymer mixture
used in Experiment 2. The two main differences in experimental procedure during
Experiments 2 and 3 were that 1) during Experiment 3, a 7-minute flocculation time was
utilized instead of the 15 minute flocculation time used during Experiment 2, and 2) a small
amount of anionic polymer was added at the end of the rapid mix during Experiment 3 to
promote flocculation.

4.4  CONCLUSIONS BASED ON EXPERIMENTAL RESULTS

Based on results of the bench scale coagulation, flocculation, and filtration testing
conducted on the secondary effluent water sample from the SAM WWTP, the following
conclusions can be made.

i The secondary effluent at the SAM WWTP contains a high concentration of smaller
(<10 'm) sized patrticles.

" The presence of a high concentration of smaller sized particles (< 10 'm) in the
secondary effluent will require the addition of coagulation and flocculation prior to
filtration in order to consistently meet Title 22 filtered effluent turbidity limits of
2 NTU.

" The high pre-filtration coagulant dose that must be added will result in larger solids
loading rates to the filters and a greater backwash flow.

" The use of an Actiflo or a Densadeg coagulation and ballasted flocculation process
could be used to decrease the solids loading rates to the filters, or nitrification could
be investigated. A decrease in the quantity of backwash water generated will occur
if a ballasted flocculation process is utilized.
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Chapter 5
TERTIARY PROJECT FACILITIES

The following sections outline the two options analyzed for tertiary facilities, a comparison
of disinfection alternatives with chlorine and ultraviolet (UV), planning level design facilities
descriptions and parameters, estimates of probable costs, expected permitting
requirements, and an implementation schedule.

5.1 TERTIARY FACILITIES AND DESIGN PARAMETERS

5.1.1 Tertiary Facilities Options

Below is a description of two facility sizing options. Table 5.1 summarizes the options which
are further described below. Maintaining the ocean outfall will be a consideration for both
options, as a minimal amount of flow may be required year-round to prevent silting over the
outfall nozzles. These options would be further defined in a predesign period.

Table 5.1 Options Summary
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Tertiary Flow (mgd) Planned Type of
Option Name Summer Winter Use
1 Year round reuse and 1.65 1.65 plus " Irrigation (golf
winter ocean discharge discharge excess course and
flow to ocean agriculture)
2 Seasonal Irrigation and 3.0 3.0 (storage then  I" [rrigation
year round stream flow supplement creek) . Stream Flow
augmentation Enhancement

5.1.1.1 Option 1 - Year Round Reuse and Winter Ocean Discharge

In this scenario, all of the current dry weather flow, 1.65 million gallons per day (mgd),
would be treated to Title 22 tertiary unrestricted reuse standards year round. In the summer
the recycled water would be used for irrigation of golf courses and agriculture and in the
winter the growers would store the water for their use as needed. Only summer diurnal
storage will be provided at Sewer Authority Mid-Coastside (SAM) Wastewater Treatment
Plant (WWTP). Because summer diurnal flow variations include peaks of approximately
3.0 mgd and minimal hourly flows of 0.2 mgd during dry weather, storage would be needed
after secondary treatment to equalize high and low flows to a constant feed rate of

1.65 mgd to the tertiary treatment facilities. A consistent flow also helps to optimize the
tertiary processes. Because both secondary clarifiers are not needed during dry weather,
Secondary Clarifier No. 1 would be used as an equalization basin. The clarifier has a
volume of 600,000 gallons. It is envisioned that the clarified effluent line exiting Secondary
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Clarifier No. 1 would be converted to both accept flow and act as equalization storage (in
summer months) and discharge flow and act as a clarifier (in winter months). A gate and
other revisions would need to be added at the current clarified effluent line discharge to
accommodate the seasonal change in basin function. Where pipes from the secondary
clarifiers currently join to feed the chlorine contact tank, a diversion structure and secondary
effluent pump station would be built to direct flow from the equalization basin to the tertiary
facilities. It is also envisioned that the gate located in the aeration basin splitter box that
controls flow to Secondary Clarifier No. 1 would have to be motorized. This would allow the
gate to be closed in the summer season and open, as needed, in the winter season.

The produced tertiary water quality should be sufficient to discharge directly to irrigation
wells, users, or Pilarcitos Creek, since ultraviolet radiation is planned to be used for
disinfection. If, however, chlorine is used for disinfection, the water quality would only be
sufficient to discharge to the irrigation wells or users, due to disinfection by-products
associated with chlorine (see Section 5.1.2 for further discussion). Aeration Basin No. 4
would be converted to store recycled water produced but not immediately utilized to meet
peak demands. A recycled water pump station would be built into the southern end of
Aeration Basin No. 4 to pump the recycled water off-site. In the winter months when flow is
greater than 1.65 mgd, the secondary effluent would be discharged to the ocean as is
currently permitted, with 1.65 mgd receiving tertiary treatment for distribution to end-users.
Option 1 is diagrammed in Figure 5.1, with a site layout in Figure 5.2.

5.1.1.2 Option 2 - Seasonal Irrigation and Year Round Stream Flow Augmentation

Under this option, all of the dry weather and wet weather flow would be treated to Title 22
tertiary standards and used for irrigation or Pilarcitos Creek augmentation. Ultraviolet (UV)
treatment is therefore mandatory for this option. A schematic for Option 2 is shown in
Figure 5.3 and a site layout in Figure 5.4. The tertiary facilities would be sized for 3.0 mgd
in order to treat the average wet season flow. Large storage tanks would be installed to
hold flow in excess of 3.0 mgd until it could be treated. These tanks would hold about

7.0 million gallons (MG) to accommodate a 10-year storm event. Figure 5.5 shows the
necessary storage based on the 10-year storm and tertiary treatment of 3 mgd. As in
Option 1, in the dry season, one of the secondary clarifiers would be used as an
eqgualization basin to optimize the tertiary processes by providing a steady flow. In the wet
season, both secondary clarifiers would be used for treatment.

Flow would be directed to the tertiary facilities from two locations: a diversion
structure/pump station built where pipes from the secondary clarifiers currently join to feed
the chlorine contact basin and the aforementioned storage tanks. Because the storage
tanks may hold water for longer than several days, the flow to be stored would need to be
chlorinated. Option 2 therefore requires a 15-mgd pump station be built in the chlorine
contact basin to pump to the large storage tanks. The diversion structure and pump station
would allow the chlorination step to be omitted in the dry season, when the tertiary facilities
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can handle the maximum flow and storage would not be needed. Another pump station,
sized at 3 mgd, would be needed to lift water from the storage tanks to the tertiary facilities,
as the water level in the tank would often fall below the 25-foot height of the tertiary
facilities. As in Option 1, revisions to seasonally convert Secondary Clarifier No. 1 would be
required for Option 2. Also, as in Option 1, recycled water produced but not immediately
utilized would be stored in the existing Aeration Basin No. 4. A recycled water pump station
would be built in the southern end of the basin to pump flow off-site.

The tanks for 7 MG storage would be located east of the plant, between the adjacent
houses and the wastewater treatment plant (WWTP) entrance road. Two 3.5-MG above
ground enclosed tanks are assumed for this option with dimensions of approximately
132-foot diameter and 35-feet deep. Given the high cost of this option (shown below in
Section 5.2.8), the additional costs for expanded tertiary treatment capacity and two
additional pump stations, and the additional permitting and public acceptance required,
Option 2 was not considered further at this time.

5.1.2 Disinfection Comparison - Chlorine versus Ultraviolet Light

Regarding selection of a process for reclaimed water disinfection, there can be a variety of
key issues that can drive selection of a particular process. A more complete technical
comparison of UV versus chlorine is provided in Appendix D. The key issues are:

I Cost.

I Safety.

I Toxicity.

I Disinfection byproducts.
I Pathogen destruction.

Cost is traditionally the strongest process selection driver, which process results in the
lowest capital or net present worth for the disinfection of the target indicator organism (total
coliform, in this case).

Safety, a fundamental concern, commonly drives utilities away from the use of chlorine gas
for disinfection, resulting in either bulk sodium hypochlorite or UV for disinfection. Recently,
a few treatment plants are avoiding bulk sodium hypochlorite as well, citing safety concerns
(though much reduced) over the transport and use of chlorine in any form. These treatment
plants are installing on-site generation systems for hypochlorite or are converting to UV for

disinfection.
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Toxicity issues apply for the discharge of chlorinated water to both fresh water and salt
water. The State of California Water Resources Control Board has developed a draft policy
that proposes to establish:

8 Total residual chlorine (TRC) and chlorine-produced oxidants (CPO) objectives that
apply to all inland surface waters and enclosed bays and estuaries throughout the
State to protect aquatic life beneficial uses.

8 Consistent procedures that apply to non-storm water National Pollutant Discharge
Elimination System (NPDES) permits to regulate TRC and CPO discharges.

L8 A basis for equitable enforcement of violations of TRC and CPO effluent limitations
in non-storm water NPDES permits.

Treatment facilities using chlorination will require dechlorination and likely substantial
monitoring and reporting as part of their treatment process operation, at a substantial cost
and effort. Facilities faced with such toxicity issues stemming from chlorination frequently
convert to UV for disinfection.

Disinfection byproducts are becoming a major driving factor for the replacement of
chlorination (both chloramination and free chlorine) with UV for disinfection. Historical
disinfection byproducts (DBPs) of concern were essentially tri-halomethanes (THMs). Some
utilities are now facing issues over the existence of haloacetic acids (HAAs) and
n-nitrosodimethylamine (NDMA). Each of these DBPs are formed during the chlorination of
wastewater.

Pathogen disinfection is slowly emerging as a substantial reason to select UV disinfection
over chlorination. Though reclaimed water regulations are intended to address pathogen
destruction, the framework of the regulations allow chlorine disinfection systems to be
designed for much lower levels of pathogen disinfection than would be obtained by UV
systems. As such, the cost for UV disinfection of reclaimed water is frequently higher than
the cost for chlorine disinfection.

Therefore, for wastewater disinfection without reuse considerations, the main drivers for
technology selection are cost and safety. However, when reuse is a consideration this
decision becomes more complex. There are many reuse facilities that exist and have
sodium hypochlorite (or some related form of chlorine) as the disinfectant, such as Daly
City. The uses in Daly City however, consist of only irrigation. When considering the SAM
WWTP and the desired uses for irrigation and possible stream flow enhancement, a closer
review of the other key issues defined above becomes prudent. At this time, since stream
flow enhancement is a consideration, and considering the fact that Pacifica uses UV
disinfection, UV has been selected for this evaluation.
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5.1.3 Tertiary Facilities Descriptions

The planned tertiary facilities are outlined in the following sections. Some alternatives to the
below defined facilities exist and should be investigated in a predesign effort following this
report. Besides the facilities outlined here, plant modifications are also envisioned at the
aeration basin flow splitter box, to the SCADA system, and to the electrical system. The
sections below outline the facilities that have been assumed and have therefore had costs
estimated.

5.1.3.1 Secondary Effluent Diversion Structure and Pump Station

A secondary effluent diversion structure and pump station would be constructed
downstream of the combined pipe from the two secondary clarifiers. Because Clarifier No. 1
will be used as an equalization basin, a gate will be installed on the outfall from Secondary
Clarifier No. 1 so it can both receive and discharge flow. A split diversion structure is
envisioned so flow can either continue to the existing chlorine contact basin and ocean
outfall or be diverted with gates to be pumped to the tertiary facilities. Secondary effluent
will be pumped from the diversion structure to new tertiary water reuse facilities. The pump
station will consist of vertical turbine pumps with variable frequency drives (VFDs) for speed
control. The secondary effluent pump station design criteria are presented in Table 5.2.

Table 5.2 Secondary Effluent Diversion Structure Pump Station Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value
Pump Type f Vertical Turbine
Number f 1 + 1 standby
Capacity gpm @ ft 1,150 @ 40
Power hp 20
Diversion structure L x W x H ft 14 x10x 19
Number of Gates - 4 ft. x 4 ft. i 2
Number of Gates - 2 ft. x 2 ft. i 2

5.1.3.2 Chemical Systems

Secondary effluent should be dosed with alum used as a coagulant and a polymer used as
a flocculant before entering the flocculation basins (see Appendix C). Alum and polymer will
be injected prior to the flocculation basins. The dosage of alum and polymer is dependent
on the exact chemicals selected, as their properties vary. The chemical will be injected via
metering pumps, and the feed rates will be adjusted as required based on flow rate and
influent conditions to achieve the required effluent quality. Alum will be stored in bulk liquid
next to the new filters area. Polymer will be stored in removable liquid totes also located
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next to the new filters area. A secondary containment wall will be constructed around the
alum storage tank.

A pumped flash mixer system will be used for the rapid mix addition of alum and polymer to
the secondary effluent being pumped to the flocculation basins. The flash mixer system will
be installed in the pipeline downstream from the secondary effluent pump station and
upstream of the flocculation basins. Coagulation system design criteria are presented in
Table 5.3.

Table 5.3 Coagulation System Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value

Alum Coagulant
Dose (max) mg/L 70
Alum Storage

Number of Tanks i 1

Volume gal 4,600
Alum Feed Pumps

Type i Diaphragm

Number i 2 + 1 Standby

Capacity, each gph 10
Polymer
Polymer Type i Anionic Flocculation Aid
Dose (max) mg/L 5
Polymer Storage

Number of Totes i 1

Volume, each gal 260
Polymer Feed Pump

Type i Diaphragm

Number i 2 + 1 Standby

Capacity, each gph 0.17 - 0.63

5.1.3.3 Flocculation

The flocculation basins will receive effluent from the secondary effluent diversion structure
and pump station that has been chemically conditioned with alum and polymer. Slow
moving flocculators will provide gentle mixing of the conditioned water to promote floc
formation prior to filtration. Flocculation facility design criteria are presented in Table 5.4.
The flocculation facility will be completely covered to prevent biological growth and airborne
materials from entering the treatment facilities. It is assumed that the plant will be converted
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Table 5.4 Flocculation Facility Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value
Flocculation
Flow Rate (with Filter Reject) mgd 1.8
Number of Stages i 2
Size (L x W x D) ft 3.6x14x25
Total Volume gal 18,987
Total Detention Time min 15
Flocculator
Type i Vertical
Number A 4
Power, each hp 1

to produce a nitrified effluent which should allow the flocculation facilities to be similar to
those at the newly operational City of Daly City WWTP, and not consist of ballasted
flocculation.

5.1.3.4 Filtration

The filtration system would utilize direct filtration of oxidized secondary effluent from the
activated sludge process. Activated sludge processes, at their stable operating state,
should consistently produce an effluent below 15 milligrams per liter (mg/L) for total
suspended solids (TSS) and 25 mg/L for BOD5. Activated sludge effluent from the
treatment plant is expected to have a turbidity of less than 5 nephelometric turbidity units
(NTU), based on historical data.

A pilot test on the proposed filtration systems should be conducted during preliminary
design, but a continuously backwashed upflow sand filtration system was assumed for the
purposes of this study. The testing should be designed to determine filter effectiveness for
meeting unrestricted use recycled water standards with a turbidity requirement of 2 NTU.
Continuous backwash filtration uses a moving column of sand as the filter medium. Influent
is introduced into the bottom of the filter and the solids are removed as the water travels
through the bed of sand.

Filter Design Criteria. Design criteria for filtering secondary effluent are presented in
Table 5.5. Based on the success of the bench scale testing, in house modeling, and the
success of secondary effluent treatment at other locations, a nominal loading rate of

3.6 gallons per minute/square feet (gpm/sf) (based on a total tertiary plant production
capacity of 1.65 mgd, and a backwash rate of up to 10 percent of feed) will be used for the
filters. These filtration rates are expected to consistently meet the 2 NTU effluent
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Table 5.5 Filtration System Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value
Filtration System

Type f Continuous Backwash
Number of Concrete Basins f 4
Number of Modules per Basin f 2
Size of Module sf 50
Total Surface Area sf 400
Filter Bed Depth ft 6.7
Media Type f Sand
Media Size mm 1.35-1.63
Media Uniformity Coefficient f <1.5
Hydraulic Loading, Including Backwash gpm/sf 3.6
Reject Rate (backwash) % feed 10
Filter Output mgd 1.65

requirements for unrestricted use. The rates also comply with the maximum filtration rate
allowed by Title 22 of 5 gpm/sf. Sand with an effective size of 1.35 to 1.63 millimeters (mm)
and uniformity coefficient of less than 1.5 is expected to be used in the filters.

Filter Configuration and Operation. The filter system would be constructed with
400 square feet of surface area. Four (4) concrete filter basins would initially be constructed
with two 50 square foot filter backwash modules in each basin.

The filter operating and control system involves the use of compressed air with individual
rotameters for airflow control to each filter module backwash airlift. Monitoring of headloss
through each filter basin enables operators to determine how each basin is performing.

Continuous turbidity monitoring of the filter effluent would be provided to adjust chemical
dosing and ensure that an effluent turbidity of less than 2 NTU is maintained. If the filter
effluent does not achieve the prescribed turbidity criteria, recycled water would be diverted
to a nearby sewer line to be sent to the plant headworks and retreated or discharged to the
ocean.

5.1.3.5 Recycled Water Disinfection

The disinfection of filtered effluent would be accomplished with UV light radiation. Design
criteria for disinfecting the filtered effluent with ultraviolet light disinfection are presented in
Table 5.6. A delivered UV dose of 100 millijoule per centimeter (mJ/cm?) is used as the

FINAL - August 2005 5-13

H:\Final\Sam_WCO0\6851D00\rpt\Final\05.doc



Table 5.6 UV Disinfection Facility Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value
UV Disinfection System Type ) Low Pressure High Output
Design UV Transmittance % 55
Design Flow mgd 1.65
Design UV Dose mJ/cm 100
Number of Channels f 2
Number of Banks per Channel f 2+1
Number of Lamps per Bank fi 56
Total Number of Lamps f 336
Channel Width ft 2
Channel Depth ft 4.5
Reactor Width ft 125
Reactor Length ft 50

design dose based on the disinfection requirements of Title 22 for tertiary unrestricted
reuse. Also in accordance withTitle 22, the UV disinfection system must be able to achieve
the required delivered dose at a UV transmittance (UVT) of 55 percent unless sufficient
data are available to show that the operating UVT at the plant consistently exceeds this
value. In the absence of additional information, the UV disinfection system configuration
presented herein is based on 55 percent UVT. Raising the design UVT 5 to10 percent can
reduce the size of the required UV system significantly.

The UV disinfection system described below is based on a single manufacturer and one
possible reactor configuration to approximate the space required for UV disinfection and the
associated construction costs. Several UV manufacturers have had their UV technology
accepted for unrestricted reuse applications in the State of California. EqQuipment supplied
by another manufacturer and/or in a different configuration may result in alternative reactor
dimensions.

Continuous monitoring of the filter effluent flow and UVT will be provided to automatically
adjust the number of banks in operation at a given time and to adjust the operating power of
the banks. If the UVT drops below 55 percent at any given time or if the UV system cannot
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achieve the required delivered dose for any other reason, recycled water will be diverted to
a nearby sewer line to be sent to the plant headworks and retreated or discharged to the
ocean.

5.1.3.6 Sodium Adsorption Ratio (SAR) Adjustment

A study was conducted for another similar project by Dr. H.F. Howard, a turf grass
specialist, to evaluate the water quality of recycled water on similar types of soils and
turfgrass as seen at the golf courses in the Daly City area. It is suggested in this report that
the recycled water be treated with gypsum (calcium sulfate) to adjust the SAR to 3.0 or
less. Gypsum is a dry chemical that will be stored and fed from a self-contained silo erected
on the plant site.

The gypsum would be stored in a tank and automatically metered into the tertiary effluent.
The gypsum solution will be metered into the recycled effluent pump station wetwell. An
in-line mixer in the influent channel will be used to mix the gypsum solution into the
disinfected recycled water. The design criteria for the SAR adjustment facilities are
presented in Table 5.7.

Table 5.7 Sodium Adsorption Ratio Adjustment Facilities Design Criteria
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Unit Value
Type Gypsum (Calcium Sulfate)
Average Feed Rate Lbs/hr 27
Storage Ton 10

5.1.3.7 Recycled Water Storage

In order to meet the higher use summer demand, recycled water storage is needed. The
existing Aeration Basin No. 4 will be converted and used for recycled water storage. The
basin storage volume is 43,280 cubic feet (cf) or 0.31 MG.

5.1.3.8 Recycled Water Pump Station

A recycled water pump station will be constructed to distribute the flow from the recycled
water storage basin (converted Aeration Basin No. 4) to the off-site customers. It is
assumed that recycled water will be pumped to the well field, across Pilarcitos Creek, that is
currently used by the golf courses. The pump station will be located in the southern corner
of the recycled water storage basin. Design criteria for the recycled water pump station are
presented in Table 5.8
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Table 5.8 Recycled Water Pump Station Design Criteria

Water Reuse Feasibility Study Supplement

Sewer Authority Mid-Coastside

Unit Value

Pump Type i Vertical Turbine
Number i 1 + 1 standby
Capacity gpm @ ft. 1,150 @ 40
Power hp 20
Pump Partition Walls L x W x H ft 8x1x6
Sluice Gate ft 4x4

5.2 ESTIMATES OF PROBABLE COSTS
5.2.1 Capital and Project Costs

Planning level cost estimates for the tertiary facilities (i.e., capital, operation & maintenance,
and dollars per acre foot) were prepared for Options 1 and 2. The following estimates were
based on data from other recycled water projects, information from SAM, and Carollo
in-house cost information. Costs are based on the 20-cities ENR index of 7479 for August
2005. Project costs include an estimating contingency of 25 percent. Project costs also
include a contingency for administration, legal, planning, engineering design, and
construction management which are assumed to be 20 percent of the estimated
construction cost. All values were based on a 5 percent interest rate and 30-year service
life and estimated to mid-point of construction, January 2007. Electrical and instrumentation
revisions are included as a lump sum. Site work revisions are included as 10 percent of the
construction costs without any contingencies. Costs for permitting and an Environmental
Impact Report (EIR) have not been included but could range from several thousand to a
million dollars. Cost back up is contained in Appendix E.

5.2.1.1 General Requirements

General requirements were estimated from the Daly City tertiary facilities construction.
These costs include contractor mobilization, demobilization and bonding as well as
construction site necessities, such as a field office, portable restrooms, and communication
equipment.

5.2.1.2 Revisions to Secondary Clarifiers and Aeration Basin Splitter Box

Revisions to the secondary clarifiers include modifications so Clarifier No. 1 can both
receive and discharge flow when it serves as equalization storage, and discharge flow in
the winter when it returns to its intended us. This revision includes a new gate. Valving in
the aeration basin splitter box will also require revisions to control flow direction in summer
versus winter conditions. This revision includes a new mechanically activated gate.

FINAL - August 2005 5-16

H:\Final\Sam_WCO0\6851D00\rpt\Final\05.doc



5.2.1.3 Secondary Effluent Diversion Structure and Pump Station

Costs for the Secondary Effluent Diversion Structure and Pump Station were based on
concrete costs from the Carollo Unit Price Catalog and pump and sluice gate estimates
based on other similar jobs. All walls and slabs were assumed to be 12 inches thick.
Vertical turbine variable frequency drive (VFD) pumps were costed at the necessary
horsepower for each option. This structure is envisioned to be mostly buried with about
2 feet above grade and have grating as a cover.

5.2.1.4 Coagulation/Flocculation/Filtration System

Capital costs developed for the coagulation/flocculation/filtration system were based on
costs for a similar system installed in Daly City, CA. Structural costs included concrete for
the base slab, fill, equipment pads, walls, curb, and gutter. Metal costs included 1/2-inch
aluminum treadplate, aluminum access hatches, grating with rebate, handrails, stairs,
structural supports, hose bibbs and racks, and pipe supports. Equipment costs included
filter modules, centrifugal pump, and flocculators. Instrumentation included a magnetic flow
meter, turbidity analyzer, and pH analyzer. Pipes, flanges, butterfly valves, and couplings
were also estimated. This structure is envisioned to be set at grade with a top of structure
about 25 feet above grade and then an additional 3 to 4 feet for hand railings.

5.2.1.5 UV Disinfection

The UV system was priced based on manufactureris estimates for equipment and Carollo
Unit Price Catalog estimates for structures and appurtenances. These included sitework,
concrete walls and base slab, aluminum tread plate and grating, handrails, baffles, and a
stainless steel weir. The equipment included UV lamps as well as a sluice gate, gate
operators, and a magnetic flow meter. The UV system is based on a channel depth of

5 feet.

5.2.1.6 Chemical Systems

Chemical system capital costs include costs for the alum and polymer systems. Chemical
systems include tanks, pumps, containment, and metering equipment. Gypsum capital
costs consist of only a concrete support slab and minimal small piping as the gypsum is
provided on a contract service basis.

5.2.1.7 Pipelines/Conveyance/Miscellaneous Valving

Tertiary reuse pipes were assumed to be C-900 purple polyvinyl chloride (PVC) piping.
They were sized to carry full tertiary flow at an assumed 5 fps velocity. Based on other
recycled water projects and the Carollo Unit Price Catalog, pipe costs included cutting and
removing pavement, trench excavation, pipe materials, pipe bedding material, trench
backfill, aggregate base, and AC pavement.
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5.2.1.8 Recycled Water Pump Station and Aeration Basin Modifications

Costs for the Recycled Water Pump Station and aeration basin modifications were based
on concrete costs from the Carollo Unit Price Catalog, and pump and gate estimates based
on other jobs. All walls and slabs were assumed to be 12 inches thick. Vertical turbine VFD
pumps were sized to provide 50-foot head. Because this pump station would be located in
the existing Aeration Basin No. 4, the base slab and two walls were assumed to be in place.

5.2.1.9 Additional Capital Cost Items for Option 2

Additional capital cost items for Option 2 include two 3.5 MG storage tanks, a chlorinated
secondary effluent 15 mgd pump station, and a 3.0 mgd storage tank pump station. The
3.5 MG storage tanks are estimated based on a standard DYK above ground prestressed
tank complete with all work associated with the floor, wall footing, wall, roof, and standard
appurtenances. Backfill, interior coatings, and earthwork are also included. The chlorinated
secondary effluent pump station is assumed to be build into the end of the existing chlorine
contact basin and consist of vertical turbine pumps. The storage tank pump station is
assumed to be located outdoors on a concrete slab adjacent to the large storage tanks.

5.2.1.10 Distribution System

Costs for the distribution system are not included.

5.2.2 Operation and Maintenance Costs

Operation and Maintenance costs are comprised of the following items:
8 Purchased power (pumping costs).

I UV power and maintenance.

8 Additional chemical requirement.

8 Maintenance of tertiary treatment facility.

8 Maintenance of pump stations.

L8 Full time operator at SAM.

" General administration.
Each of the above items are described below.

5.2.2.1 Purchased Power

Average recycled water flow pumping is used to determine the power consumption. Costs
are based on an annual average of $0.12 per kilowatt-hour.
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5.2.2.2 UV Power and Maintenance

Operation and maintenance (O&M) costs include power, lamp replacement, chemicals, and
labor involved in maintenance.

5.2.2.3 Additional Chemical Requirement

Charges are for alum, polymer, and gypsum chemicals based on expected concentrations
and usage. O&M costs were included for the gypsum system, as this system is typically
provided on an annual service contract basis. Costs from the Daly City contract with
Wastewater Solutions, Inc. were used to estimate the gypsum system.

5.2.2.4 Maintenance of Tertiary Treatment Facility

Tertiary treatment facility maintenance costs are based on a cost of $250/million gallons of
tertiary treated water produced 12 months/year (Option 1) and 8 months/year (Option 2).

5.2.2.5 Maintenance of Pump Stations

Pump station maintenance cost is based on 1 percent of the pump station capital cost.

5.2.2.6 Full Time Operator at SAM

Cost is based on hiring a full time operator at SAM WWTP to run the tertiary facilities.

5.2.2.7 General Administration

General administration includes costs associated with customer accounting, meter reading,
employee salaries not included elsewhere, benefits, insurance, office and other
miscellaneous costs associated with operating a water system. General administration
costs are estimated at a similar cost as the maintenance costs.

5.2.3 Cost Summary Table

The following cost table, Table 5.9, summarizes the planning level costs estimated for
capital, operations and maintenance, and dollars per acre-foot. An annual cost per acre-foot
of delivered recycled water was estimated based on the above project costs and O&M
expenses. A 5 percent interest rate for 30 years was used to convert the project cost to an
annual basis. Cost backup is contained in Appendix E.

In addition to operation and maintenance costs, replacement cost of the tertiary facilities
should also be considered. Replacement is defined by the State Water Resources Control
Board (SWRCB) Revenue Program Guidelines, March 1998 edition from the Policy for
Implementing the State Revolving Fund For Construction of Wastewater Treatment
Facilities as "Expenditures for obtaining and installing equipment, accessories, or
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Table 5.9

Reuse Project Planning Level Cost Summary

Water Reuse Feasibility Study Supplement

Sewer Authority Mid-Coastside

Description Option 1 Option 2

Total Construction Cost $4,568,500 $13,646,858
Project Costs® (Present Worth) $5,300,000 $16,380,000
Annualized Project Costs

(5% over 30 years) $345,000 $1,066,000
Annual O&M Costs $699,100 $1,765,206
Total Annual Costs $1,044,000 $2,831,000
Dollars per Acre Foot® $560 $1,260

Note:

(1) Not including off-site pipelines.

(2) Option 1 is based on 12 months production. Option 2 is based on 8 months
production.

appurtenance which are necessary during the useful life of the treatment works to maintain
the capacity and performance for which such works were designed and constructed.”
Replacement cost includes all expenditures required for a facility to operate for its design
life. The annual replacement cost of Option 1 is estimated to be approximately $240,000 for
the structures and equipment. Option 2 is estimated to be over three times that of Option 1.
A breakdown by capital cost item for Option 1 replacement costs is provided in Appendix E.

5.3 PERMITTING

Numerous permits and/or permit revisions would be required to implement a reuse project.
A revision to the existing National Pollutant Discharge Elimination System (NPDES)
discharge permit would be required because a new discharge location would be added,
namely, a reuse site. The NPDES permit would also need modifications because the added
level of treatment due to water reuse would now need to be approved by the Department of
Health Services (DHS). A California Coastal Commission Permit is required anytime an
agency or person is proposing development within the coastal zone. A new NPDES
discharge permit would be required if the SAM WWTP selects to change from an ocean
discharge to a surface water discharge. Many projects also require environmental review
under the California Environmental Quality Act (CEQA). Some of these permit requirements
are outlined in further detail below.

Permitting information was provided by Scott Holmes, Director of Public Works for the City
of Pacifica, based on Pacificais experience switching from an ocean to a surface discharge.
Another resource for permit assistance was the California Permit Handbook (found on line
at www.permithandbook.com). This handbook is made available by the California
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Technology, Trade, & Commerce Agency, Office of Permit Assistance and is continually
updated by members of local, state and federal agencies.

5.3.1 NPDES Ocean Discharge/Reuse Permitting

All potential uses of recycled water are highly regulated. Several agencies have regulatory
authority or jurisdiction over potential projects using recycled water. The major state
agencies include the DHS, the State Water Resources Control Board (SWRCB), and the
Regional Water Quality Control Board (RWQCB). In addition to State regulatory agencies,
there may also be involvement by county and local authorities. There are currently no
federal regulations governing water recycling.

The DHS is the primary State agency responsible for public health, whereas the SWRCB
and the RWQCB are the primary State agencies charged with protection, coordination, and
control of water quality. These agencies work together to develop discharge permits for
recycling projects. Generally, the DHS interprets the laws dictated by the California Code of
Regulations applicable to reclamation and makes recommendations on individual projects
to the RWQCB, which is overseen by the SWRCB. The RWQCB issues the final permit for
the reclamation project.

The permits and regulations needed for the construction and operation of the new facility
will affect not only the process selection and site layout (current and future treatment
systems), but the implementation schedule for the project as well. Much of the permit
information listed in this section, specifically to convert the discharge to a surface water
discharge, was gained from the experience and knowledge of Mr. Scott Holmes, City of
Pacifica.

Table 5.10 addresses permit requirements to add water reuse and maintain an ocean
discharge.

The two most critical regulatory considerations for a new surface water discharge are:
8 Discharge Permit from the RWQCB.
8 US Army Corps of Engineers Section 404 (Wetlands) permit.

Obtaining a new NPDES permit for discharge to the Pilarcitos Creek will be a significant
challenge. Issues that must be addressed and resolved to successfully obtain a new
NPDES permit include the following:

Toxics. The California Toxics Rule (CTR) and the California Inland Surface Water Quality

Control Plan (ISWP) require that new water quality objectives be established for all surface
waters in the state for toxic metals and trace organics. Both the CTR and ISWP are critical
to the acceptance of a new discharge to Pilarcitos Creek.
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Table 5.10 Permits Required to Upgrade WWTP to Title 22 Unrestricted Use
Water Reuse Feasibility Study Supplement
Sewer Authority Mid-Coastside

Permit Type Agency Justification
NPDES SWRCB/RWQCB/DHS Revise existing permit to
include reuse
Construction California Coastal Construction along coastal
Commission region
Building City of Half Moon Bay Construction in the City
CEQA SWRCB/RWQCB Environmental compliance
San Mateo County Air County APCD Construction and Operation

Pollution Control District

Conversion of an Ephemeral Stream. The existing Pilarcitos Creek runs dry during part of
the year. Discharge of treated effluent to the creek will potentially result in establishing a
new habitat and resulting biological resources. Once this hew habitat is established, there
will be the requirement that the sewer authority continue to support a healthy eco-system
for the newly established fish and/or wildlife species. This will create a potential liability on
the sewer authority for unforeseen future expenses for increased levels of treatment. This
issue must be addressed early on in the permitting process so that there are no long-term
unforeseen costs associated with the new discharge in Pilarcitos Creek. Table 5.11
addresses the minimum additional permits to add water reuse and convert the discharge to
a surface water discharge.

Fish and Game Preference for Discharge to Pilarcitos Creek. The RWQCB looks to
Fish and Game to provide significant input and direction in the permitting of a new
discharge. It is highly unlikely that the RWQCB will grant a new discharge to Pilarcitos
Creek without concurrence from the Fish and Game staff.

Taken together, these outstanding issues are significant and could potentially result in
significant delays in obtaining a permit for a new discharge to Pilarcitos Creek. In the worst
case, there is a strong possibility that if these issues are not addressed, a new NPDES
permit will not be granted. It is critical that these outstanding permit issues be resolved
before any significant design effort is committed on the part of the City for the new facilities.

5.3.2 Pre-Permitting

Within US EPA Region 9, California Department of Fish and Game, the SWRCB and the
RWQCB, there are key decision-makers that are relied upon to make critical permitting
decisions. Several key decision-makers favor additional water supply and quality in lieu of a
strict adherence to a anti-degradation policy which would prevent the creation of new
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Table 5.11

Surface Water Discharge

Water Reuse Feasibility Study Supplement

Sewer Authority Mid-Coastside

Additional Permits Required to Add Water Reuse and Convert to a

Permit / Regulation

Issues / Comments

National Agencies

US Army Corps of
Engineers

US EPA

US Fish and Wildlife
Service

NOAA
National Marine Fisheries

State Agencies

Regional Water Quality
Control Board (RWQCB)

State Water Resources
Control Board (SRWCB)

Department of Health
Services (DOHS)

Department of Fish and
Game (CDFG)

Clean Water Act (CWA)
Section 404

CWA Section 404

Endangered Species Act

CWA,; Porter Cologne Water
Quality Act; Basin Plan

Inland Surface Water Plan
CWA Section 303

Title 22 Water Reuse
Requirements

Fish and game
Code Section 1601

Wetlands Permit

Review Wetlands Permit
Stream Crossing

Section 7 Consultation and
Incidental Take Permit

Mitigation Plan - Offset Loss
of Vernal Pool

NPDES Waste Discharge
Requirements; Beneficial Use

Water Quality Criteria

Reclaimed Water
Requirements

Stream Bed Alteration - Outfall
Construction

habitat. This preference for creation of new habitat must be brought into the negotiations as
the creation of new, beneficial use for the Pilarcitos Creek.

In analysis for the other agencies, we have been successful in developing an awareness of
the equilibrium that exists between the native metals concentrations in the soil matrix and
the resulting concentration in the water column of the receiving water. Based on the
analysis, it can often be demonstrated that the removal of heavy metals beyond this
background concentration does not result in any lasting benefit to the receiving water.

A pre-permit agreement can be established which would provide an early expectation as to
what can be achieved prior to a formal action for a new NPDES permit. With a pre-permit
agreement in place, the Sewer Authority can feel confident preceding with the final design
for the enhanced facilities without the risk of having their new NPDES permit denied.
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Reviewing the existing NPDES Permit will provide an idea of what issues to expect at Half
Moon Bay.

8 Review any existing data for Pilarcitos Creek, especially flows and water quality. Our
review of the data needs indicates that the City will have to provide this data in
support of an antidegradation analysis for the RWQCB.

8 Review the latest copy of Basin Plan.

8 Obtain and review copies of similar NPDES permits (issued within the last year) to
help determine the requirements we can expect.

8 Develop estimated effluent limits especially for metals and organic. Limits will likely be
based on no credit for dilution. This gives us a baseline before entering into
negotiations.

8 Review plant effluent data for metals and organic. Identify those areas that may result
in noncompliance. Identify data need and recommend sewer authority data collection
needs to get a head start on the permitting process.

After this presubmittal background review is complete, the Sewer Authority should meet
with RWQCB prior to submittal of draft permit application and discuss all elements and
issues. SAM should obtain feedback on monitoring, averaging methods and overall
program and agree on the application submittal and review process.

5.3.3 Section 404 Wetlands Permits

The project will require an approved Section 404 permit from the US Army Corps of
Engineers (Corp) prior to construction. We estimate that it will take up to 12 months to
secure this permit. Steps to obtain this permit on time include:

Step 1: Wetlands Delineation. Under the Corps permit process, a delineation of wetlands
is required by the Clean Water Act prior to the approval of the project. The current condition
of the site wetlands needs to be re-evaluated, including delineation according to Corps
guidelines. The new delineation will include an evaluation of historic and present conditions
on the property, as well as information on soils, hydrology, and vegetation (in accordance
with Corps guidelines). The delineation will examine wetlands based on both the federal
and state wetland definitions. The completed delineation will be submitted to the Corps for
their formal review and jurisdictional determination.

The following steps will need to be performed to complete the wetland delineation for the
plant site:

8 Conduct a meeting with US Army Corp of Engineers agency representative to
review project status, permit application procedures and all elements and issues,
agree on the application submittal and review process, set submittal and review
dates.
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Review recent and historic aerial photos of the site and vicinity. Review available
biological, hydrologic, and geologic studies regarding the site and vicinity.

Conduct a delineation of wetlands on the property in accordance with currently
accepted methods. This will include examination of hydric soils, hydrology, and
vegetation. This will include wetlands subject to Section 404 of the Clean Water Act,
as well as those defined by other regulatory agencies.

Using a topographic base map or aerial photograph (scale 1:200 feet or larger)
provided by the engineering team, delineate any identified potential wetlands or
other waters that occur on-site. A topographic base map scale of 1 inch: 200 feet or
larger is required by the Corps for their formal jurisdictional determination. Additional
photos may be obtained and consulted during the delineation process, including
infrared photos (possibly available from the California Department of Water
Resources) and historic photos (usually available from the Natural Resource
Conservation Service).

Prepare an administrative draft of the delineation for review and comment. Revise
the report based on initial meeting.

#' Submit the delineation to the Corps for their jurisdictional verification.

#' Visit the site with the Corps and CDFG Game Warden, to facilitate formal
jurisdictional determination mandated by Section 404 and Section 1601 of
the California Fish and Game Code. Revise the delineation as appropriate.

Step 2: Clean Water Act Section 404, Nationwide Permit and Mitigation Plan. If the
wetland delineation identifies more than three (3) acres of wetland to be impacted by the
project, an Individual Permit would have to be obtained, involving a potentially lengthier
process. The Corps internal goal for Individual Permits is 120 days, although this time
frame is not subject to regulatory or statutory requirements. This study assumes the project
will be able to proceed under a tnationwide permiti and does not include the additional effort
associated with obtaining an éindividual permiti.

The following steps will be performed to obtain the nationwide permit for plant construction:

Consult with the US Fish and Wildlife Service (USFWS) and State Office of
Historical Preservation as required by Nationwide Permit No. 26. Incorporate
agency findings in the Pre-Construction Notification (PCN) package.

Coordinate with an approved wetland mitigation bank (e.g., Wildlands, Inc.) for the
purchase of vernal pool credits (preservation bank and creation bank) to mitigate
wetland and federally listed vernal pool fairy shrimp impacts. Due to the limited
supply of mitigation bank credits, Wildlands recommends reserving credits early in
the permitting process through the use of a bond or other funding mechanism.
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8 An alternative mitigation approach would be to develop a wetland mitigation and
monitoring plan that would satisfy regulatory requirements and that could be
achieved at the site. The additional effort for this approach is not included in the
current scope of services.

8 Prepare the PCN package and submit to the Corps, USFWS, CDFG, US EPA, and
the RWQCB. Attend up to two (2) meetings with the Corps to discuss conditions of
permit authorization. Coordinate with the City and other resource agencies as
necessary.

8 Prepare Section 404 permit application for the project. Submit the PCN with the
permit application form to the Corps. The Corps has 45 days to approve a
nationwide permit from the time of receiving the PCN. However, when a Section 7
consultation with the USFWS is involved, as is the case with this project, the final
approval is delayed until the consultation is complete. The USFWS has 135 days
from when the Corps initiates Section 7 consultation to complete their Biological
Opinion for the project.

5.4 IMPLEMENTATION SCHEDULE

For the long-term schedule, pilot testing of filtration systems is estimated to take about
three to four months duration and design is estimated to take about six to eight months. The
bid/award phase is estimated at approximately three months. Construction is estimated to
be approximately twelve months. Therefore, in approximately two years the SAM WWTP
could be producing recycled water that meets Title 22 unrestricted use requirements. It is
envisioned that permitting (NPDES and DHS) could be conducted concurrent with design
and construction activities.

5.5 ADDITIONAL IMPLEMENTATION ISSUES

Administrative and financial details are also required and should be considered when
planning a water recycling project. Financing and funding of the project should be
considered in revenue programs, grants, and loans. The added administrative
implementation details include:

8 Negotiate and prepare reuse agreements with customers.
8 Prepare Engineering Report for the DHS.

8 Develop customer rules and regulations.

8 Conduct cross connections tests and certification.

8 Conduct site supervisor training.
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Conduct disinfection tracer study and prepare report.
Conduct and certify irrigation coverage tests.

Design and distribute reuse signs, tags, and labels.

Prepare and submit Notice of Intention to distribute recycled water.

Prepare detailed maps of recycled water use areas.
Obtain recycled water approval to distribute from the RWQCB.

Respond to DHS comments and concerns as needed.
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Memorandum

To: Tracy Clinton, Mike Britten

From: Keith Bourgeous

Date: May 27, 2004

Subject: Results of SAM WWTP Bench Scale Coagulation, Flocculation, and Filtration

Experiments

A series of bench scale filtration experiments with and without prefiltration coagulation
and flocculation were conducted on a secondary effluent sample that was collected on
5/24/05 from the Sewer Authority Mid-Coastside (SAM) wastewater treatment plant (WWTP)
located at Half Moon Bay, CA. The secondary effluent sample was shipped to Carollo’s
Sacramento office where the bench scale filtration experiments were conducted. The specific
objectives of these bench scale experiments were to 1) quantify the particle concentration in
the secondary effluent, 2) to determine what processes would be required to meet the Title
22 water recycling turbidity limit of 2 NTU at the SAM WWTP, and 3) if necessary to
determine a ball park estimate of the coagulant dose that will be required to help condition
the water such that the Title 22 turbidity limit will be satisfied.

The purpose of this memo is to present the results of the bench scale coagulation,
flocculation, and filtration experiments that were conducted on 10 gallons of secondary
effluent from the SAM WWTP.

EXPERIMENTAL PROCEDURES

A description of the direct filtration experiments that were performed during testing
that was conducted on the secondary effluent water sample collected on May, 24, 2205 is
presented in Table 1. The experimental procedures used during this testing are presented in
Table 2. The mixing regime, mixing intensity, and mixing times used during these bench
scale coagulation and flocculation experiments are presented in Table 2. During Experiment
1, the bench scale filtration experiments were performed on cloth media from an Aqua
Aerobic Systems and a Krueger cloth media disk filters. During Experiments 2 and 3 the

bench scale filtration experiments were performed using the media from an Aqua Aerobic
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Systems cloth media disk filter. Previous research conducted by Carollo has demonstrated

that bench scale experiments conducted on the media from an Aqua Aerobic Systems cloth

media conservatively predicts full scale performance of both cloth and other granular media

filters.

Table 1 Description of experiments conducted on September 8-9, 2004

Coagulant Additional
Test# Description Type dose range, polymer
mg/L used
1 Baseline filtration experiments None None No
2 Filtration and flocculation experiments JC 1679 10-40 No
3 Filtration and flocculation experiments Alum 50-80 Yes

Table 2 Experimental procedures for direct filtration experiments

Process Mixing Intensity, s’ Time, min
Rapid Mix 300 0.5
Flocculation 40 7,152

During experiment 2, a 15 minute flocculation time was
employed. During Experiment 3, a 7 minute flocculation
time was employed

The effluents generated during these experiments were analyzed for turbidity and UV

transmittance at 254 nanometers using bench top turbidity and transmittance meters,

respectively. Particle size distribution (PSD) analysis using an optical particle counter that

has the ability to size and count particles between 1 and 400 'm were performed on selected

effluent samples.
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EXPERIMENTAL RESULTS

The purposes of the baseline filtration testing conducted during Experiment 1 were to
1) determine if a coagulation and flocculation step prior to filtration was required, and 2) to
evaluate differences in performance of medias from two types of cloth media disk filters. The
MCRT at the SAM WWTP the day the sample was collected was 1.7 days. Research
conducted by Carollo engineers indicates that the type of upstream biological treatment
process and the mode of operation (i.e., solids retention time (SRT)) effects the particle size
distribution in the secondary effluent. Figure 1 contains representative particle size
distribution (PSD) graphs collected from 5 different types of Biological treatment processes.
Carollo has tested secondary effluents at many different types of treatment plants and has
determined that the PSD figure presented in Figure 1 is representative of the type of PSD
that will typically occur for the indicated types and mode of operation of biological treatment
processes.

As can be seen from Figure 1, trickling filter solids contact, pure oxygen activated
sludge, and activated sludge processes operated at short SRTs produce an effluent that has
a much higher concentration of smaller sized particles than do WWTPs that operate at
moderate to high SRT. The higher the concentration of smaller sized particles in a secondary
effluent, the more difficult it will be to satisfy the Title 22 turbidity limit by filtration alone.
Bench scale filtration experiments have been conducted in the past on all of the secondary
effluents for which PSD results are presented in Figure 1. From these experiments it was
determined that a prefiltration coagulation and flocculation step was required to help the filter
consistently meet the Title 22 turbidity limit of 2 NTU for the secondary effluents generated
from the following biological treatment processes: pure oxygen activated sludge-low SRT,
trickling filter-activated sludge, and activated sludge-low SRT biological processes. The other
two biological treatment processes, (i.e., Activated sludge low and high SRT) however, did

not require the addition of a prefiltration coagulation step to meet the turbidity limit.
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Figure 1  Effect of treatment process type and SRT on secondary effluent PSD.
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After processing and analyzing the secondary effluent PSD from the SAM WWTP,
this sample was compared to the PSDs from the other secondary effluents samples
presented in Figure 1 (see Figure 2). Because the PSD of the SAM WWTP secondary
effluent was similar to the those that required a prefiltration biological treatment process (see
Figure 2) it was assumed prior to conducting the bench scale testing that a prefiltration
coagulation and flocculation step would likely be required at a new SAM WWTP recycled
water facility.

Bench scale filtration testing conducted during Experiment 1 confirmed that filtration
alone could not sufficiently reduce the turbidity such that the Title 22 turbidity limit of 2.0 was
satisfied. As can be seen in Figure 3, filtration alone of the secondary effluent from the SAM
WWTP resulted in a significant decrease in effluent turbidity from 11.8 to 4.5-5 NTU. This
decrease in effluent turbidity was caused by the removal of the larger sized particles.
However, filtration alone was not able to remove enough of the particles in the <10 Im range
such that the title 22 turbidity limit could be satisfied.

In order to effectively meet the Title 22 turbidity limit a prefiltration coagulation step
prior to filtration was required. It is also interesting to note that performance of the two
different types of media from the Hydrotech and the Aqua aerobics filters were nearly similar.
Because of time limited time available to conduct bench scale filtration testing, all filtration
testing conducted during Experiments 2 and 3 was conducted using the media from the Aqua

Aerobics cloth media disk filter.
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Figure 2 Comparison of SAM secondary effluent to secondary effluents generated from
other treatment plants
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Figure 3 Results of baseline filtration testing conducted during Experiment 1
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To investigate the effect that a prefiltration coagulation and flocculation step would

have on the performance of the bench scale cloth media filter, during Experiment 2 a

coagulation and flocculation step was added prior to filtration. The coagulant used during

Experiment 2 was JC 1679 (a polyaluminum chloride and polymer mixture that is

manufactured by JenChem, Inc). The PSD results from the tests conducted during

Experiment 2 are presented in Figure 4. A list of the important results obtained from

Experiment 2 are listed below.

"t At a dose of 10 mg/L of JC 1679, the performance of the filter was similar to that
which was observed when no prefiltration coagulant was utilized. In fact the addition
of the 10 mg/L of JC 1679 actually resulted in an increase in effluent turbidity, which
was likely caused by the presence of particles smaller than 1 I'm (the lower limit of
the particle counter).

"t An increase in the prefiltration coagulant dose resulted in improved filter performance
and a decrease in particle concentration across all size ranges. Of particular
importance is the particle removal in the smaller size range (i.e. <10 I'm). The
significant reduction of particle concentration that occurred in the smaller size range
resulted in a decrease in filtered secondary effluent turbidity.

" At a dose of greater than 30 mg/L the Title 22 turbidity effluent turbidity limit of 2 NTU
was satisfied.

" Proper prefiltration coagulation and flocculation not only resulted in lower turbidity
levels, but also resulted in a 13% increase in UV transmittance. This increase could
have a significant impact on the required size of a UV disinfection system if UV

disinfection is to be considered as a disinfection alternative.
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Figure 4 Results from Experiment 2 investigating the effect of prefiltration coagulation and
flocculation on filtration performance
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During Experiment 3, tests were conducted to determine the dose of alum and
anionic polymer that would be required to be added to the filters to meet the Title 22 turbidity
limits of 2 NTU. Alum was utilized during these experiments because it is significantly less
expensive (i.e. $0.15/Ib) than is the JC 1679 coagulant/polymer mixture ($0.39/Ib). The
experimental procedure utilized during Experiment 3 was similar to that used during
Experiment 2. The two main differences in experimental procedure during Experiments 2 and
3 were that 1) during Experiment 3 a 7 minute flocculation time was utilized instead of the 15
minute flocculation time used during Experiment 2, and 2) a small amount of anionic polymer
was added at the end of the rapid mix during Experiment 3 to promote flocculation.

A phenomena similar to that which was observed in Figure 3 can also be seen in
Figure 4. Specifically, an increase in the coagulant dose resulted in an increase in smaller
particle removal by the filter and in a decrease in effluent turbidity. At a dose of greater than
70 mg/L of alum the Title 22 turbidity limit of 2 NTU was satisfied. The dose required to meet
the Title 22 turbidity limit of 2NTU when using alum was roughly twice the required dose
when JC 1679 was utilized.
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Figure 4 Results from Experiment 3 investigating the effect of prefiltration alum and

polymer coagulation and flocculation on filtration performance
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In order to demonstrate the importance of anionic polymer addition in proper prefiltration

coagulation and flocculation, a test was conducted to investigate the effect that anionic

polymer addition had on filter performance. As can be seen in Figure 5, alum addition alone
resulted in poor prefiltration conditioning and actually resulted in a higher post filter effluent
turbidity value. This higher post filtration turbidity value was likely caused by an increase in

particle concentration caused below the detection limit of the particle counter (i.e., 1 Im). The

key to ensure proper coagulation and flocculation which will result in effective particle and

turbidity removal when using alum as a coagulant is the addition of an anionic polymer.
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Figure 5 The effect that polymer addition has on filtration performance when alum is used

as a coagulant
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As mentioned previously all of the bench scale filtration experiments were conducted in a

direct filtration mode (i.e. the water was coagulated, flocculated, and fed directly to the bench

scale filter). The reasonably high levels of coagulant doses (i.e., 40 to 80 mg/L) that are

required to be added to the water will result in an increase in solids concentration in filter

influent. This increase in solids concentration in the water fed to the filter will result in a

higher amount of backwash water generated. A possible alternative to minimize the amount

of backwash water generated during the production of recycled water is to include a settling

step prior to filtration. The optimal location of this settling step is as part of a ballasted

coagulation and flocculation system similar to an Actiflo or a Densadeg system.
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EXPERIMENTAL RESULTS

Based on the results of the bench scale testing coagulation, flocculation, and filtration testing

that was conducted on the secondary effluent water sample from the SAM WWTP, the

following conclusions can be made.

1.

The secondary effluent at the SAM WWTP contains a high concentration of smaller (<
10 I'm) sized particles.

The presence of a high concentration of smaller sized particles (< 10 Im) in the
secondary effluent will require the addition of a coagulation and flocculation step prior
to filtration in order to consistently meet the Title 22 turbidity filtered effluent turbidity
limits of 2 NTU.

The high pre filtration coagulant dose that must be added prior to the filters to
condition the water such that the filters operating in a direct filtration mode can meet
the Title 22 turbidity limit of 2 NTU will result in larger solids loading rates to the filters
and a greater amount of backwash water generated.

The use of an Actiflo or a Densadeg coagulation and ballasted flocculation process
could be used to decrease the solids loading rates to the filters. A decrease in the
quantity of backwash water generated will occur if a ballasted flocculation process is

utilized.

10
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Required UV Dose,

State Bacteria Virus/Protozoa Required CT, mg-min/L mJ/cm?
5-log 100 mJ/cm?,
CA 22 inactivation/kill post media filter
"Tertiary MPN/100mL virus expected, 450 mg-min/L
Recycled" Total Coliform pathogen free 80 mJ/cm?,
water. post membrane filter
TX 20 No No standard, potential CT No standard,
"Type | CFU/100mL standard needed >100 mg-min/L (Dietrich et al.,  potential UV dose
Reclaimed" Fecal Coliform 2003) needed >25 mJ/cm?

>10,000 fecal/100mL - 120 mg-

min/L CA standards
acceptable, lesser
i, L _ ND Fecal Pathogen <10,000 fecal/100mL - 40 mg-  doses require
High Level Coliform per free water min/L validation
Disinfection" 100mL expected

<1,000 fecal/100mL - 25 mg-
min/L

Florida has also established guidelines for Giardia, Cryptosporidium, and enterovirus in reclaimed water
effluents (see Table 2), including periodic monitoring and reporting requirements. The levels shown are
based upon an acceptable determination of risk (1 in 10,000) based upon an assumed amount of
ingestion of reclaimed water (1mL per day with a maximum daily ingestion of 100mL per year).

Table 2 - Florida Reuse Pathogen Guidelines (from FDEP, 2003)

Pathogen Units Average Maximum
Giardia Viable Cysts/100L 14 5.0
Cryptosporidium Viable Oocysts/100L 5.8 22

Enterovirus PFU/100L 0.044 0.165

If we assume that the risked-based treatment goals are the most prudent approach to reclaimed water
disinfection2, then we should examine the estimated log reduction required to meet both pathogen
reduction goals and indicator organism goals. A recent publication by the Water Environment Research
Foundation (WERF) included substantial data on protozoa and enterovirus concentrations in filtered
secondary effluents prior to disinfection (WERF 00-PUM-2T). These values are presented in Table 4
along with the estimated log reduction of such organisms by disinfection to meet FDEP pathogen
guidelines. This information then allows for a comparison of the ability of chlorine, ultraviolet light (UV),
and ozone (at regulated levels) to meet FDEP pathogen goals.

Table 3 - Pathogen Concentrations in Filtered Secondary Effluent and Log Reductions Required to
Meet FDEP Guidelines

2 Carollo Engineers is part of a research team investigating “Pathogen Disinfection Through Reclaimed Water Treatment”,
funded by the WateReuse Foundation. The research team is developing a framework for evaluating treatment technologies
based upon the use of equivalent risk.
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