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1. Executive Summary

On April 9, 2014 the San Francisco Bay Regional Water Quality Control Board (RWQCB) issued
Order No. R2-2014-0014, Waste Discharge Requirements for Nutrients from Municipal Wastewater
Discharges to San Francisco Bay (Watershed Permit). The five-year Watershed Permit became
effective on July 1, 2014 and covers each municipal Publicly Owned Treatment Works (POTW)
that discharges to the San Francisco Bay (SF Bay) and its tributaries. The purpose of the
Watershed Permit is to track and evaluate treatment plant performance, fund nutrient monitoring
programs, support load response modeling, and conduct studies to better understand treatment
plant optimization opportunities and upgrade needs to achieve nutrient removal.

This Nutrient Reduction Study was prepared in response to the requirements outlined in the
Watershed Permit to conduct studies to evaluate potential nutrient discharge reduction by
treatment optimization and sidestream treatment and by treatment upgrades or other means.

1.1 Background

Nutrients in the SF Bay are a growing concern for the Bay Area water quality community.
Historically, the SF Bay has not been adversely impacted by nutrient loading, although there are
indications that its historic resilience to the effects of nutrient enrichment may be weakening.2
While the definition of impairment has not been reached, there is concern that the SF Bay has
reached a tipping point that might lead to impairment. Numerous scientific studies are being
conducted to understand the impact of nutrients on the SF Bay. As a result, it may be necessary
to limit the availability of essential nutrients, by implementing some form of wastewater
treatment nutrient removal to address three potential challenges:

1. Ammonia toxicity and/or inhibition of phytoplankton growth. Full or partial nitrification
may be required.

2. Eutrophication. Denitrification may be required where total inorganic nitrogen is the
limiting nutrient.

3. Undesirable phytoplankton assemblage changes due to the ratio of nitrogen to
phosphorus. Phosphorus reduction may be required.

The Watershed Permit sets forth a regional framework to facilitate collaboration on studies that
will inform future management decisions and regulatory strategies. The permit includes three
special provisions to support the further understanding of nutrient loads and their impacts in the
SF Bay:

1. Evaluation of Potential Nutrient Discharge Reduction by Treatment Optimization and
Sidestream Treatment

2. Evaluation of Potential Nutrient Discharge Reduction by Treatment Upgrades or Other
Means

1 Cloern, J.E. and Jassby, A.D. (2012) Drivers of change in estuarine-coastal ecosystems: Discoveries
from four decades of study in San Francisco Bay. Reviews of Geophysics, 50, RG4001, page 21.

2 San Francisco Estuary Institute (SFEI) (2013) Nutrient Conceptual Model Draft, May 1, 2013, page 14.
San Francisco Estuary Institute, Richmond, CA.
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3. Monitoring, Modeling, and Embayment Studies

This Nutrient Reduction Study was prepared in response to the first two special provisions listed
above. As envisioned by the Watershed Permit, the POTWs are working collectively under the
joint powers agency, Bay Area Clean Water Agencies (BACWA), to submit one coordinated
study.

The third special provision, Monitoring, Modeling, and Embayment Studies, is being addressed
through a separate, parallel effort, being undertaken by the San Francisco Estuary Institute
(SFEI).

1.2 Participating Agencies

The Watershed Permit requires major POTW dischargers to participate in the Nutrient
Reduction Study. The participating agencies are illustrated in Figure 1.

Figure 1. Participating Agencies and Major Dischargers to SF Bay
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1.3 Project Approach

Figure 2 illustrates the approach employed for conducting this study, including the four major
components which comprise this Nutrient Reduction Study: Treatment Optimization; Sidestream
Treatment; Treatment Upgrades; and Nutrient Removal by Other Means.

Figure 2. Project Approach

Data

Evaluation _> Collection &
Plan Analysis

Scoping &

The Scoping and Evaluation Plan, submitted to the RWQCB in February 2015, established a
range of nutrient removal levels, shown in Table 1, which became the basis for the study.

Table 1. Nutrient Removal Levels

Level 1 Varies by Facility Varies by Facility Varies by Facility
Level 2 2 mg N/L 15 mg N/L 1.0 mg P/L
Level 3 2 mg N/L 6 mg N/L 0.3 mg P/L

Level 1 does not have established numerical targets, but was established to represent the
optimization opportunities where nutrient loads could be reduced as much as possible with
relatively minimal capital investment to improve existing facilities.

Levels 2 and 3 were selected based on the typical tipping point for treatment technologies to
achieve the respective effluent water quality benchmarks. For most plant configurations, the
less stringent Level 2 benchmark can be achieved with conventional nutrient removal processes
without adding an external carbon source or effluent filtration. The more stringent Level 3
benchmark typically requires an external carbon source for nitrogen removal and metal salt
coagulant addition with filtration for most plant configurations. These factors contribute to a
tipping point due to the increase in cost, operational and safety burdens, energy demand,
additional solids production, and GHG emissions.

Ammonia levels were established to provide stable ammonia reduction (typically through
nitrification). The total nitrogen benchmark of 6.0 mg N/L was selected based on an assessment
of the capabilities of conventional nitrogen reduction technologies in the Northern California

BACWA | Nutrient Reduction Study June 22,2018 | 3
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climate. It is expected that a lower effluent nitrogen concentration would require additional
treatment and associated costs.

Total nitrogen and phosphorus typically have seasonal impacts on receiving waters. Thus, the
analysis considered both dry season and year round averaging periods.

Following completion of the Scoping and Evaluation Plan, each of the 37 participating agencies
was evaluated individually. The evaluation included data collection and synthesis, a site visit
and interviews with plant staff, and desktop analyses to develop treatment concepts for the
treatment optimization, sidestream treatment and treatment upgrades components of the study.
In addition, existing and planned, future methods of reducing nutrients by other means were
identified. Appendix D includes the reports that were prepared for each of the 37 participating
agencies.

For the purposes of this Nutrient Reduction Study, the recommended upgrades to meet the
Level 2 and 3 benchmarks are based on established technologies. Established technologies
were used because there is a wealth of information related to facilities costs and sizing which
are important for planning purposes. However, there are many emerging technologies that may
achieve lower levels of nutrient discharges, be more cost-effective, and/or have other benefits.
As a result, innovative and/or emerging technologies were also considered, and at least 2 were
identified for plant for future consideration (refer to Appendix D).

1.4 Study Results

A summary of the load reduction that can be achieved with each treatment strategy, including
the implementation of treatment optimization, sidestream treatment, and plant upgrades to meet
the Level 2 and Level 3 water quality benchmarks, is presented in Table 2. These load
reductions, and their associated costs, are based on year round operation of the treatment
strategies, where facilities are sized to treat year round flows and loads. For comparison, the
estimated total nitrogen reduction that is anticipated through existing and planned recycled
water use is approximately 8,900 Ib N/d by 2040, which is most comparable to the load
reductions achievable through treatment optimization. The associated costs and incremental
increase of greenhouse gas emissions are also presented in Table 2.

Overall, the estimated load reductions increase with increasing degrees of treatment, from
optimization through Level 3. Implementation of the optimization strategies could result in a load
reduction of approximately seven percent for total nitrogen for a short term (approximately 10
years) capital investment of approximately $120M, whereas implementation of sidestream
treatment could result in a total nitrogen load reduction of nearly 20 percent for a longer period
(approximately 30 years) at a capital cost of nearly $380M. While the load reductions that could
be achieved with implementation of the upgrades to meet the Level 2 and 3 benchmarks are
substantially more than that for optimization or sidestream treatment, the capital costs are also
substantially higher (as illustrated in Figure 3B).

Table 2 also presents three unit cost metrics. The first is the unit present value per gallon of
treated capacity ($/gpd), which can be useful in comparing the relative magnitude of present
value costs for the wide range of plant capacities (the plants in the study range in capacity from
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1.1 to 167 mgd design capacity). Similar to capital costs, the unit present value per gallon of
treated capacity increases from optimization through Level 3 (as illustrated in Figure 3C).

Table 2. Summary of Nutrient Load Reduction and Associated Costs, Year Round Operation

Projected Projected Treatment Strategy
Discharge Discharge
Parameter Load, Load, without
without Sidestream or | Optimization? | Sidestream?
Opt.t Upgrades?
Design Flow mgd -- -- 546 869 869 869
Load Reduction*
Ammonia Ib N/d 87,900 114,700 12,300 27,400 106,900 106,900
TN Ib N/d 129,700 166,300 8,600 32,000 95,000 136,300
TP Ib P/d 9,200 11,900 3,100 1,400 7,000 10,500

Load Reduction

Ammonia % - - 14% 24% 93% 93%

TN % - -- 7% 19% 57% 82%

TP % -- -- 34% 12% 59% 88%
Costs*®

Capital $M -- -- 119 391 6,976 8,517

O&M PV $M -- -- 147 345 2,443 3,888

Total PV $M -- -- 266 736 9,420 12,405

Average Unit Costs

Per gpd® $/gpd -- - 0.5 0.8 10.8 14.3
Per Ib N7 $/Ib N -- -- 5.6 2.0 8.7 7.7
Per Ib P7 $/lb P -- -- 8.6 2.8 44 59
Incremental Increase in Greenhouse Gas Emissions
MT
Total GHG
Increase © ec;(/)yzr -- -- 63,100 5,100 257,400 306,900

1. The projected discharge loads are based on the 2015 BACWA Nutrient Reduction Study Group Annual Report
(data from 7/2012-6/2015) and projected to the midpoint of the respective planning period. The reported flows
and loads for optimization, upgrades, and sidestream represent average projected load reduction for the period
of analysis (10-yr for optimization and 30-yr for upgrades and sidestream). Sidestream design flow reflects only
the candidate plants.

2. Facilities were sized for year round loads and operated year round. The results for each treatment strategy are

stand alone.

Load values are rounded to the nearest hundred.

4. Costs are referenced to the ENR SF CCI for January 2018 at 12,015. Costs are not additive for scenarios (e.g.,
the Level 3 costs shown are inclusive of facilities needed to meet Level 2). Costs do not account for changes in
any other process, including solids handling or associated energy requirements.

5. PVis calculated based on a 2 percent discount rate for 10 years (optimization) and 30 years (sidestream and
upgrades).

6. Unit cost ($/gpd) was calculated by dividing the total present value by the design flow.

w
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7. Unit cost ($/Ib) was calculated by dividing the total present value for the nutrient of interest by the nutrient load

reduction over the projection duration (e.g., for upgrades: Total PV for TN Removal facilities divided by (Average
Annual TN Removed times 30-years)).

8. Values are based on increase in energy and chemicals and reflect the average projected incremental increase
over the respective period of analysis.

The second unit cost is the cost to remove one pound of total nitrogen ($/lb N removed) and
includes only those treatment facilities needed to remove nitrogen (i.e., does not include the
capital or O&M costs for treatment elements that are only required for phosphorus removal).
Similarly, the third unit cost is the cost to remove one pound of total phosphorus ($/Ib P
removed). These latter two unit cost metrics can be thought of as a measure of efficiency and
used in comparing the cost to remove total nitrogen (or total phosphorus) between plants. This
metric could also be useful in identifying the best plant(s) for a regional solution(s) under a
nutrient trading scenario. Those plants with the lowest unit cost for nitrogen (or phosphorus)
removal would be more desirable than plants with higher unit costs.

Figure 3. Summary of PV Cost per Plant, Total PV, and Unit Costs, Year Round Operation

[A] PV Per Plant: Year Round (B) Total PV: Year Round
$350 $14,000
$300 _ $12,000
= 5250 %SlD,UUO
% $200 E 48,000
“* 5150 % $6,000
$100 = $4,000
$50 42,000
o == P
Optimization  Sidestream Level 2 Level 3 Optimization Sidestream Level 2 Level 3
(€) Unit Total PV: Year Round (D) Unit TN Removal Cost ($/1b): Year Round
$60 425 §77
550 $20 $8.7
£ g9
7 s$10.8 $14.3 $10 $5.6 $2.0
ziz 50.5 $0.8 85
40 — i $0 T
Optimization Sidestream Level 2 Level 3 Optimization  Sidestream Level 2 Level 3
Notes:

1. Graphs A, C and D are presented as box and whisker plots, where the boxes represents the range of costs
falling within the 25™ to 75™ percentiles, the horizontal bar within the box represents the median cost, and the
ends of the whiskers represent the minimum and maximum present value costs, respectively.

2. The maximum value for Level 2 and Level 3 are not illustrated in the box and whisker plots in A and D due to
scale. For Figure A, the maximums are $2.7B and $2.9B for Levels 2 and 3, respectively. For Figure D, the
maximums are $145 and $41 for Levels 2 and 3, respectively.

As shown in Table 2, sidestream treatment is the most cost-effective means of reducing both
total nitrogen (see also Figure 3D) and total phosphorus, when comparing the cost per pound
removed. However, sidestream treatment is not feasible at all plants and there may be site-
specific optimization opportunities that are more cost-effective and/or would warrant
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consideration for other reasons. For example, an agency may wish to first pursue optimization if
it is the quickest and easiest way to meet a near term no net load increase requirement or if it
addresses other process issues or results in a more stable overall process.

The analysis also evaluated the incremental increase in greenhouse gas (GHG) emissions due
changes in energy and chemical demands with the transition from existing secondary treatment
to the additional treatment required for nutrient removal. Table 2 shows that GHG emissions
increase with more advanced treatment.

Figure 3A illustrates the range of present value costs for the individual plants. The treatment
optimization strategies range from less than $1M for some plants to over $40M for San Jose.
For sidestream treatment, the range is larger, with some plants having a present value cost of
less than $1M compared to over $140M for EBMUD (for total nitrogen removal). The range in
costs for the Level 2 and Level 3 upgrades is stark. The present value costs range from as low
as $1.3M at American Canyon to achieve the Level 2 benchmark, to as high as $2.6B at
EBMUD. To meet the Level 3 benchmark, the present value costs range from $8.9M at the
Sonoma Valley plant to nearly $2.9B at the EBMUD plant.

In addition to the treatment optimization, sidestream treatment, and treatment upgrades
analyses, the potential nutrient load reduction that could be achieved through other means was
also considered. Several potential methods were anticipated, including effluent management
(e.g., recycled water use), effluent polishing (e.g., wetlands treatment), source control, and non-
point source reduction. For the agencies participating in this Nutrient Reduction Study, the
primary method of reducing nutrient effluent loads by other means is through the use of recycled
water. Figure 4 illustrates the distribution of existing and future recycled water by use category
as well as the estimated nutrient reduction for ammonia and total nitrogen due to recycled water
use.

Figure 4. Recycled Water Projections by Use Category
Year 2015 Year 2040
(58.480 AFY) (130 660 AFY)
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As shown, an estimated 3,700 Ib-TN/d was diverted from the bay in 2015 through recycled
water use. An additional 5,200 Ib-TN/d is anticipated to be diverted by 2040, which is most
comparable to the load reduction achievable through treatment optimization, estimated at
approximately 8,600 Ib N/d. Although the estimated load reduction through recycled water use is
less than that achievable through treatment plant improvements, recycled water use has other
important benefits for the region.

It is notable that some recycled water use categories do not result in a reduction in nutrient
loads discharged to SF Bay. In fact, some uses, such as potable reuse, could increase
concentrations discharged to the bay due to the concentrated brine streams created during the
advanced treatment processes. Generally, irrigation uses (i.e., landscape, golf course, and
agricultural) result in a decrease of nutrient loads since the water is completely consumed at the
application site. However, uses such as potable reuse and often times industrial uses, will have
a concentrated stream that is either returned to the plant for discharge or otherwise discharged
to SF Bay. Thus, with respect to identifying the nutrient reductions associated with future
recycled water uses, it is important to understand the type of use anticipated and whether there
will be a concentrated return stream that ultimately needs to be discharged.

1.5 Study Limitations

This Nutrient Reduction Study presents high level concepts for implementing nutrient removal at
the 37 participating agencies which discharge effluent to the SF Bay. It is a useful tool for
gaining a region-wide and subembayment perspective on the relative impacts of treatment
options, but should not be used without further study on an individual plant basis. These
planning-level concepts were developed to quantify the potential load reduction possible and the
associated order of magnitude costs required to implement nutrient removal. The use of
parametric cost estimating tools limits site-specific factors. For example, construction with
congested sites can often have a cost premium. Such premiums were not captured in this
analysis.

Due to the high-level nature of the findings presented herein, if nutrient effluent limits are
defined in the future, each agency should undertake its own site-specific study to further
evaluate its options, considering both conventional and emerging technologies, and develop
more detailed recommendations and costs. Technology selection and overall cost would likely
be reduced if future limits included fewer nutrients than considered in this study (ammonia, total
nitrogen, and total phosphorus). For example, some facilities may be avoided if, in the future,
total phosphorus limits are not implemented. Further, although several emerging technologies
could reliably achieve the total nitrogen benchmarks in this study, they may not reliably meet the
ammonia benchmarks. As a result, inclusion of ammonia in future nutrient limits could limit the
use of some emerging technologies that would have otherwise been beneficial. In addition to
technologies, the analysis prepared by each agency should also include further refinement of
influent loads, more plant performance data, condition assessment of existing facilities, more
detailed consideration of plant hydraulics, plant-specific process modeling, greenhouse gas
emissions, solids handling impacts, and future growth within the service area, among other
plant-specific factors. Preparation of more detailed cost estimates is also recommended, using
plant-specific information (e.g., chemical costs, energy costs, etc.).
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