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Abstract: Climate change, drought, and chronic overdraft represent growing threats to the
sustainability of water supplies in dry environments. The Monterey/Salinas region in California
exemplifies a new era of integrated or “one water” management that is using all of the water it can get
to achieve more sustainable supplies to benefit cities, agriculture, and the environment. This program
is the first of its kind to reuse a variety of waters including wastewater, stormwater, food industry
processing water, and agricultural drainage water. This study investigates the partnerships, projects,
and innovations that shape Monterey’s integrated water network in order to better understand the
challenges and opportunities facing California communities as they seek to sustainably manage
peri-urban water supplies. Water reuse in the Monterey region produces substantial economic and
environmental benefits, from tourism and irrigation of high-value crops to protection of groundwater
and increases in environmental flows and water quality. Water resource managers in other communities
can learn from Monterey’s success leveraging local needs and regional partnerships to develop effective
integrated water solutions. However, key challenges remain in resolving mismatched timing between
water availability and demand, funding alternative water supplies, and planning effectively under
uncertainty. Opportunities exist to increase Monterey’s recycled water supply by up to 50%, but this
requires investment in seasonal storage and depends on whether desalination or additional recycling
forms the next chapter in the region’s water supply story. Regulatory guidance is needed on seasonal
subsurface storage of tertiary-treated recycled water as distinct from potable recharge. By increasing
the supply of recycled water to Monterey’s indirect potable use system, the region’s potential need
for seawater desalination may be delayed as much as 30 years, resulting in cost and energy savings,
and giving the opportunity to resolve present planning concerns.

Keywords: one water management; recycled water; groundwater replenishment; desalination;
Monterey; Salinas; California

1. Introduction

Water supply reliability in California faces increased stress due to climate change and more
severe droughts, along with competing demands between cities and agriculture while sustaining
environmental flows [1]. This situation is exemplified by the Monterey/Salinas region, which is a
microcosm of the state itself. For this region, climate change is expected to result in worsening droughts,
accelerated seawater intrusion, and increased water demand [2,3]. The County of Monterey has a
long history of being an economic hub for the central coast of California with adjacent tourism and
agricultural industries, which are dependent on a reliable water supply. The county attracts 4.6 million
overnight visitors annually, who generate $2.8 billion to the region each year [4]. The county also
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boasts $4.4 billion in annual crop production [5], ranking the fourth highest among California counties
in 2019 [6].

Sustainable water resource management is especially critical for Monterey County because the
region is independent of any state or federal water supply projects and because of past heavy reliance
on local surface and groundwater supplies [2,7,8]. Although conservation and efficiency measures can
extend the sufficiency of existing supplies [9], Monterey Peninsula residents have already achieved
high conservation levels of 58 gallons per person per day [10], and they pay among the highest water
rates in the nation [11]. The recent drought in the state, from 2012 to 2016, placed additional constraints
on the local water supply and created heightened public awareness of the finite resource [12]. Resource
management organizations across the county have since implemented a variety of projects and plans
to address the vulnerability of their water, both in volume and in quality, especially for environmental
concerns. A map of the cities and principal water management features is shown in Figure 1.
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This paper investigates the development of Monterey’s integrated water management network
and highlights key innovations that allow this network to more effectively serve the area’s agricultural
and residential communities. These findings support a discussion of current and future issues facing
water sustainability in the Monterey/Salinas region, which serves as a case study for water-stressed
communities seeking sustainable water supply solutions. This paper identifies strategies to enhance
one water management both in the study region and in other peri-urban communities that can benefit
from Monterey’s story in light of what has worked and lessons for regional approaches.

2. Methods

This article analyzes the Monterey/Salinas region as a case study for communities in water-stressed
environments striving to responsibly meet diverse water needs. This work aims to understand the
planning and decision processes leading to Monterey’s present water management programs and to
identify challenges and opportunities for sustainable management into the future. To support these
research goals, this study relied on agency reports, design documents, and regulatory decisions to
obtain data about the history, agreements, design, and performance of Monterey’s one water programs.
The authors build on these findings with discussions of storage, funding, demand, and uncertainty
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and present conclusions about key drivers and lessons that will shape the water supply future of
Monterey and other peri-urban communities. Inclusion of varied source materials facilitates access to
perspectives from diverse stakeholders, including Monterey area growers and residents, civic action
groups, and corporate and agency leadership. This scope allows the work to address complex topics of
water scarcity, management, and governance with data and perspectives beyond what is represented
in the existing scientific literature.

3. Results and Discussion

3.1. Developing an Integrated Water Network

3.1.1. Restrictions on Conventional Water Supplies

The major domestic water supplier on the Monterey Peninsula, the private utility company
California American Water (CalAm), has been mandated to reduce reliance on unsustainable water
sources. In 1995 it was notified of its over-drafting from the Carmel River by over 12 million m3/y
(10,000 acre-feet/year; AFY) beyond its legal withdrawals of 4.2 million m3/y (3376 AFY), as detailed
in State Order 95-10 [14]. In 2009, the State Water Resources Control Board issued a cease and desist
order (WR 2009-0060) for excessive pumping of the Carmel River, which continued at 9 million m3/y
(7000 AFY) beyond legal amounts [15]. The order required CalAm to stop its unlawful diversions from
the Carmel River before a now-extended deadline of December 2021 [16].

The Monterey region also faces restrictions on groundwater use to attain sustainable groundwater
management. The Seaside Groundwater Basin is managed under state adjudication since 2006 after
measured water levels fell 6 m (20 ft) in 10 years [17–19]. The Salinas Valley Groundwater Basin has also
experienced diminished storage and seawater intrusion from historic groundwater over-pumping [20].
The Groundwater Sustainability Plan for its high-priority 180/400-Foot Aquifer Subbasin outlines
goals of increasing groundwater storage, halting seawater intrusion, improving groundwater quality,
and reducing surface water depletion [21].

Local and state recognition of the need for more sustainable water management has led
to restrictions on the Monterey region’s conventional use of surface and groundwater resources.
This changing perspective supports the goals of stabilizing groundwater levels, halting seawater
intrusion, and preserving ecological flows, but it also curtails the water supply available to the region.
To make up the difference, Monterey has turned to “one water” management to find new water sources
within its own region.

3.1.2. Castroville Seawater Intrusion Project

In the early 1970s seawater intrusion was recognized as a growing threat to local groundwater
supplies. At the same time, the federal Clean Water Act raised effluent discharge standards for municipal
wastewater treatment plants, including those serving communities in the Monterey region [22]. To better
address these waste management and water supply challenges, the Sanitation Districts of Monterey,
Pacific Grove, and Seaside formed the regional agency Monterey One Water (M1W), formerly Monterey
Regional Water Pollution Control Agency [22]. By 1989, the M1W joint power agreement included
eleven members and one ex-officio member [23]. Present-day members are shown in Figure 2.
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Figure 2. Monterey One Water member entities include Boronda County Sanitation District, Castroville
Community Services District (including Moss Landing), Del Rey Oaks, Marina Coast Water District,
Monterey, Pacific Grove, Salinas, Sand City, Seaside, and Monterey County (adapted from [24]).

After M1W was established in 1972, discussions with community leaders shaped the idea of
developing an innovative water recycling program that could lessen the agricultural dependency
on groundwater from the Salinas Valley Groundwater Basin [25]. The Central Coast Regional Water
Quality Control Board affirmed this vision by recommending in its 1975 Basin Plan that municipal
wastewater flows be redirected to a single regional plant for reuse opportunities including crop
irrigation and Salinas River augmentation [26]. This goal prompted an eleven-year, foundational study
titled Monterey Wastewater Reclamation Study for Agriculture, which showed for the first time that
tertiary treated municipal wastewater could safely irrigate freshly edible crops, such as salad greens
and berries [27]. The study evaluated sprinkler and furrow irrigation of raw vegetable crops and found
that irrigation with tertiary treated wastewater did not result in elevated levels of pathogens or metals
in the crops or soil.

Following the reuse study in 1990, M1W completed construction of a Regional Treatment Plant
(RTP) [28] and partnered with the Monterey County Water Resources Agency (MCWRA) on a pair of
projects that together would produce and distribute recycled water to Salinas Valley growers. The Salinas
Valley Reclamation Project (SVRP) added tertiary treatment facilities to the newly constructed RTP,
and the Castroville Seawater Intrusion Project (CSIP) installed a distribution system for the recycled
water [29]. By 1998, CSIP began using the recycled water to irrigate approximately 49 km2 (12,000 acres)
of cropland near the coastal town of Castroville through a “purple pipe” system [30]. The distinctive
purple pipes indicate non-potable recycled water, an international color designation that was first used
by the Irvine Ranch Water District in southern California [31]. Since its inception, CSIP has delivered
an average of 24.1 million m3/y (19,500 AFY) annually, of which over 60% has been recycled water [30],
and grower acceptance remains high [32]. In recent years, supplemental groundwater contributes
approximately 6.8 million m3/y (5500 AFY) to this total annual supply, and Salinas River contributions
average 4.2 million m3/y (3400 AFY) [21]. The reclamation projects have successfully slowed, but not
halted the rate of inland seawater intrusion [30].

3.1.3. Pure Water Monterey

With groundwater supplies threatened by increasing salinity and Carmel River diversions curtailed
by the state’s cease and desist order, the peninsula’s private water supplier, CalAm, supported a
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three-pronged regional solution to add desalination, aquifer storage and recovery, and potable reuse as
new sources [33]. The desalination effort encountered numerous delays, so a potable reuse project
was pursued independently by local water agencies with support from county and local leaders to
demonstrate progress towards reducing unlawful Carmel River diversions [15,33]. This potable reuse
project completed in 2020 was Pure Water Monterey (PWM), developed collaboratively by M1W and
the Monterey Peninsula Water Management District (MPWMD) [34,35]. PWM produces 4.3 million
m3/y (3500 AFY) of recycled water through full advanced treatment for injection into the Seaside
Groundwater Basin [13], allowing a corresponding reduction in Carmel River diversions [36] and a
similar reduction of secondary effluent to the Monterey Bay.

To ensure adequate source water for both CSIP and PWM recycled water efforts, the PWM
project built infrastructure to supplement existing wastewater flows with four new sources of water:
food processing/packaging flows referred to as “ag wash” (Figure 3), irrigation return flows from
the Blanco Drain, surface runoff and irrigation return flows from the Reclamation Ditch, and urban
stormwater runoff from the city of Salinas. The PWM project is the first of its kind to recycle water from
such sources as runoff and food processing water in addition to municipal wastewater [37]. This novel
approach furnishes additional water supply and reduces contaminant loading to Salinas River and
Monterey Bay ecosystems [38]. The PWM project can divert more water from these new sources
than the amount required for groundwater replenishment, resulting in additional supply available
for tertiary treatment through CSIP. In future years, the new sources may be able to provide an extra
5.6 million m3/y (4500 AFY) of recycled water for agricultural irrigation [13].
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Advanced treatment that includes ozone, membrane filtration (MF), reverse osmosis (RO),
and UV/H2O2 advanced oxidation is used to produce potable recycled water for groundwater
replenishment [39] (Appendix A). The PWM pilot study revealed that ozone pretreatment reduced
fouling of the MF membranes, extending MF run times by a factor of four and supporting higher
MF fluxes, which translated to cost and space savings at full scale [40]. In addition to improving
MF performance, the ozone pretreatment provides added disinfection and destruction of many
contaminants of possible concern from the varied water sources [13], and subsequent treatment steps
guard against byproducts that may form during ozonation [41].

3.1.4. Regional Urban Water Augmentation Project

Alone among M1W members, the Marina Coast Water District (MCWD) retains the right to
purchase recycled water from M1W, up to the amount of MCWD’s wastewater contribution to the
Regional Treatment Plant [29]. To utilize this available amount, MCWD developed the Regional Urban
Water Augmentation Project (RUWAP) to supply its customers with 0.7 million m3/y (600 AFY) of
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recycled water for urban landscape irrigation [42]. The RUWAP shares a single recycled water pipeline
with PWM, so its source water and treatment are identical to that of PWM. Since recycled water leaving
the Advanced Water Purification Facility (AWPF) meets California Title 22 water quality standards for
indirect potable reuse, the portion diverted for RUWAP exceeds the less stringent Title 22 standards
applicable to nonpotable landscape irrigation use [42]. Despite the higher production costs of advanced
treatment compared to tertiary treatment, cost savings from the shared conveyance infrastructure
provide economical irrigation water for RUWAP customers.

3.1.5. One Water

The Regional Treatment Plant operated by M1W receives influent from communities throughout
the Monterey Peninsula and northern Monterey County and delivers secondary treated water to the
CSIP, PWM, and RUWAP projects. Ag wash, Blanco Drain, Reclamation Ditch, and Salinas stormwater
flows are blended with raw municipal wastewater prior to entering the RTP, as shown in Figure 4.
A portion of the secondary effluent continues to tertiary treatment at the adjacent SVRP facility,
where it undergoes flocculation, multimedia filtration, and chlorine disinfection in compliance with
state standards for unrestricted nonpotable reuse, prior to distribution for agricultural irrigation [43].
The remainder of the secondary effluent is diverted to the AWPF for treatment consisting of ozonation,
membrane filtration, reverse osmosis, and UV disinfection with H2O2 [39]. This advanced treated
water is destined for indirect potable reuse through PWM and for urban irrigation through RUWAP.
Finally, excess secondary effluent not directed to tertiary or advanced treatment trains is blended with
membrane concentrate and discharged to Monterey Bay [13].
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Figure 4. Conceptual diagram of Monterey’s regional recycled water network, including water
sourcing, treatment, and use. (Legend: SIWTF = Salinas Industrial Wastewater Treatment Facility,
RTP = Regional Treatment Plant, SVRP = Salinas Valley Reclamation Project, AWPF = Advanced Water
Purification Facility, CSIP = Castroville Seawater Intrusion Project, PWM = Pure Water Monterey,
RUWAP = Regional Urban Water Augmentation Project).
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3.2. Novel Water Sourcing

The novel water sources introduced by the PWM project represent a major innovation in water
reuse. Together, the new sources from ag wash, Blanco Drain, Reclamation Ditch, and Salinas stormwater
offer not only additional volume for reuse, but also a more diverse water supply portfolio. Figure 5
shows the location of the new sources within Monterey’s recycled water network and highlights the
regional scope of both contributions and benefits. Throughout the year, these new sources contribute
between 0% and 36% of the total influent flow to the RTP, with municipal wastewater comprising the
remaining 64–100% [13]. A description of the individual water sources, tertiary treatment for irrigation,
and treatment concerns with new source waters is provided in Appendix A.
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new sources, treatment center, and project service areas.

The total monthly availabilities of each of the major source waters are displayed in Figure 6.
During a typical year, new source waters are incorporated only during the summer months when
additional flow is required to meet recycled water demand. The monthly flow allocated to each
recycled water project is displayed in Figure 7.
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Figure 7. Recycled water distribution by project during a normal/wet year, showing irrigated agriculture
(CSIP), potable water recharge (PWM), and urban irrigation (RUWAP). A substantial amount of water
is available during the off-peak growing season (data from [44]).

The allocation of secondary effluent among CSIP, PWM, RUWAP, and the outfall varies substantially
by season, according to the balance of water availability and respective demands. CSIP generally has
the principle right to all wastewater flows entering the RTP, except for a 0.8 million m3 (650 acre-feet;
AF) summer allocation to M1W, as well as any claim by the MCWD for amounts up to its own
wastewater contribution, which includes a 0.4 million m3 (300 AF) summer allocation [29,45,46].
Rights to PWM’s new water sources are split approximately equally between the CSIP and PWM
projects [45]. During the summer growing season when irrigation demand is greatest, CSIP utilizes all
of the secondary effluent available to it [44], as well as approximately 11 million m3/y (8900 AFY) of
supplemental flows from groundwater wells and the Salinas River [21]. By contrast, during the winter
when irrigation demand is low, 7–10 million m3 (6000–8000 AF) of secondary wastewater effluent is
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discharged through the ocean outfall [47], and available flows from other sources are not diverted for
treatment. These excess winter flows represent a large potential source of recycled water supply.

While excess water is available for recycling each year, utilization of this water is limited by
mismatched seasonal patterns of availability, demand, and treatment capacity. To mitigate some of this
temporal challenge, the Monterey Peninsula leverages innovative collaborations between agricultural
and urban reuse efforts. The PWM project, for instance, includes a banking protocol to store up to
1.2 million m3 (1000 AF) of water for CSIP supply during periods of drought [13]. PWM adds to this
drought reserve during normal and wet years so that during subsequent dry years, PWM can treat and
inject less than 4.3 million m3/y (3500 AFY), leaving the banked difference available for CSIP while still
providing the full amount for potable use.

Close conjunction between the integrated CSIP, PWM, and RUWAP projects provides benefits
of shared infrastructure and costs, but this overlap can also lead to competition as expansion efforts
draw from the same available source waters and system capacities. Yet each project is operating under
different constraints and goals with different demand schedules throughout the year. Moreover,
project overlaps can create mutual opportunities, since multiple projects may benefit from an
improvement (e.g., storage) that is only directly available to one project subsystem. This underscores
the importance of integrated planning, both to identify opportunities for collaboration and to maintain
mutually beneficial partnerships.

3.3. Future Adaptability and Expansion

A shared feature of Monterey’s water reuse programs is that they include expansion plans to
meet growing demand. This proactive planning supports sustained project benefits and prepares
expansion efforts to move quickly when funding, public sentiment, or regulatory support is available.
Proposed expansions were introduced at various stages during and following the initial project design.
However, as discussed below, expansion efforts must also consider the capacity of conveyance, storage,
and injection systems, as well as source water availability and user demand.

3.3.1. Pure Water Monterey Expansion

In 2017, just one year after the State Water Resources Control Board had approved the Final
Engineering Report for the original PWM project, the California Public Utilities Commission (CPUC)
initiated a discussion about whether PWM could be expanded to help meet the court order for reduced
taking of Carmel River water [33]. In 2019, M1W advanced development of the PWM Expansion with a
Draft Supplemental Environmental Impact Report [48]. The PWM Expansion project was proposed as
a backup to CalAm’s CPUC-approved desalination plant so that if litigation or other delays prevented
the desalination project from feasibly operating a plant before the December 2021 target to comply with
the cease and desist order, then the PWM Expansion project could be quickly implemented instead [48].

The proposed PWM Expansion would treat an additional 2.8 million m3/y (2250 AFY) for
groundwater replenishment, increasing potable reuse from 4.3 million m3/y (3500 AFY) to 7.1 million
m3/y (5750 AFY) on average [48]. The Supplemental Environmental Impact Report evaluated a
proposed increase in the AWPF treatment capacity, as well as construction of additional and modified
injection, extraction, monitoring, and conveyance facilities [48]. PWM Expansion would utilize existing
M1W water sources and not require new sources or increased diversion capacity [48]. The additional
volume needed for PWM Expansion would come mostly from winter flows of wastewater, ag wash,
and stormwater; as illustrated in Figure 7, these winter flows are not currently recycled when CSIP
demand is low [47].

3.3.2. Castroville Seawater Intrusion Project Expansion

The Salinas Valley Basin Groundwater Sustainability Agency has presented potential projects to
optimize and expand CSIP operations as a major part of the Groundwater Sustainability Plan developed
under California’s Sustainable Groundwater Management Act [21]. Among nine priority projects
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selected for their cost-effectiveness, feasibility, reliability, and stakeholder acceptance, four are focused
on improvements to the CSIP system. These projects are summarized in Table 1. The Groundwater
Sustainability Plan was approved in 2020, so the proposed CSIP improvements are in relatively early
stages of planning compared to the proposed PWM Expansion [21]. Still, the estimated water costs per
unit volume are low compared to potable reuse or desalination.

Table 1. Salinas Valley Basin Groundwater Sustainability Agency ranked priority projects for improving
the Castroville Seawater Intrusion Project, CSIP (data from [21]).

Priority Ranking Proposed Project Description
Est. Yield

m3/y
(AFY)

Est. Cost
$/m3

($/AF)

#2 Optimize CSIP
Operations

Maximize use of available water
within distribution constraints

6.8 × 106

(5500)
$0.22
($270)

#3 Modify RTP
Decrease minimum SVRP capacity

to allow production for winter
irrigation demand

1.4 × 106

(1100)
$0.07
($90)

#4 Expand CSIP Area Expand distribution by 14 km2

(3500 acres)
12 × 106

(9900)
$0.51
($630)

#5 Optimize Salinas River
Diversion Facility

Maximize diversion from the
Salinas River

14 × 106

(11,600)
$0.18
($220)

3.3.3. Regional Urban Water Augmentation Project Phase 2

Phase 1 of the RUWAP project supplies the Marina Coast Water District with 0.7 million m3/y
(600 AFY) of recycled water, yet this amount is less than the full amount of 2.6 million m3/y (2100 AFY)
to which the MCWD is entitled based on its wastewater contribution to the RTP [42]. To utilize a greater
portion of its allocated right, the MCWD has planned a Phase 2 expansion for 2025 [42]. In Phase 2,
advanced treated recycled water delivery to RUWAP will increase to 1.8 million m3/y (1427 AFY) with
an expanded distribution network [49,50]. The MCWD is planning for expanded RUWAP service by
requiring new developments to install separate recycled water pipelines for irrigating open spaces [42].

A summary of major reuse projects and their proposed expansions is provided in Table 2.

3.4. Challenges and Path Forward

3.4.1. Winter Storage to Meet Summer Demand

As expansion efforts utilize a greater portion of available source water, resolving mismatched
timing between source water availability and user demand becomes increasingly important to maximize
recycled water use. On the Monterey Peninsula, recycled water use is presently limited not by the
total amount but by the timing of available water. Summer irrigation relies on groundwater and
surface water contributions to supplement available recycled water, yet in the winter millions of cubic
meters of potential source water goes unused. With the completion of the PWM project, the Monterey
region is already poised to take advantage of diverse source waters, but opportunities remain to
more fully utilize new source waters and off-season flows. Storage provides a critical link between
misaligned water supply and demand. Storage prior to treatment might target the capture of source
water flows exceeding treatment capacity, while storage of finished water could target the gap between
the treatment capacity and peak use demand. In storing winter water for summer use, the scale of
the storage must be large enough to provide a meaningful quantity of water. Seasonal storage on the
order of millions of cubic meters (hundreds or thousands of acre-feet) would help the CSIP, PWM,
and RUWAP projects grow to continue to meet water demand in the future.
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Table 2. Summary of reuse projects and proposed expansions.

Program Agency Source Water Treatment Production
m3/y (AFY) Use

Storage
Volume
m3 (AF)

Storage Location Interfaces

CSIP
[13,21,30,32,43,51]

Castroville Seawater
Intrusion Project M1W,

MCWRA

Wastewater
Ag wash

Urban runoff
Rec. Ditch

Blanco Drain

Tertiary

24.1 × 106

(19,500) 1
Agricultural

irrigation

0.1 × 106

(80)
RTP pond RTP, source water (all)

Drought reserve
(PWM)Expansion 12.2 × 106

(9900)
4–9 × 106

(3000–7000)
Armstrong Ranch

subsurface

PWM
[13,39,44,47,48]

Pure Water Monterey
M1W,

MPWMD

Advanced

4.3 × 106

(3500) Groundwater
replenishment

1.3 × 106

(1065)
+

7000
(6)

SIWTF ponds,
Blackhorse Reservoir

RTP, source water (all)
Drought reserve

(CSIP)
Pipeline (RUWAP)Expansion 2.8 × 106

(2250)

RUWAP
[13,42,47,48]

Regional Urban Water
Augmentation Project

MCWD, M1W

0.7 × 106

(600) Urban
irrigation

7000
(6) Blackhorse Reservoir

RTP, source water (all)
Pipeline (PWM)

Phase 2 1.0 × 106

(827)
1 This amount includes supplemental groundwater and Salinas River contributions. Recycled water contributions average 15.4 million m3/y (12,500 AFY) [30].
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Currently, the tertiary treatment facility produces recycled water for CSIP during the summer
months but shuts down during winter months when irrigation demand is less than the 19,000 m3/d
(5 mgd) minimum flow for tertiary treatment operations [21]. Meanwhile, 7–10 million m3

(6000–8000 AF) of potential source water is discharged each winter through the ocean outfall [47].
Seasonal-scale storage within the CSIP system could extend operation of the tertiary treatment plant,
facilitating reuse of winter outfall discharge and producing additional irrigation supply for the growing
season. Increased storage would also mitigate drought risk, promoting continued investment in
high-value crops [52].

Adjacent to the RTP, there exists an opportunity for subsurface storage of 4–9 million m3

(3000–7000 AF) of water within the 0.9 km2 (220 acre) Armstrong Ranch parcel [51]. This location has
previously been identified as potential storage for tertiary treated water prior to CSIP distribution, but a
storage project is not actively being pursued. Initial groundwater modeling indicates that nonpotable
water stored in the Armstrong Ranch perched aquifer would be sufficiently isolated by the underlying
aquitard and a constructed lateral hydraulic barrier [51]. However, additional regulatory guidance is
needed to clarify requirements for subsurface storage, distinguished from wastewater disposal and
from potable recharge (Appendix A.2.3). Utilizing the subsurface storage at Armstrong Ranch would
offer a substantial increase in storage beyond the existing 0.1 million m3 (80 AF) pond at the RTP.
The additional water made available to CSIP through this storage could facilitate the expansion of
CSIP’s service area, further reducing regional reliance on groundwater wells and the Salinas River to
meet irrigation demand.

Increasing seasonal storage offers both water supply and pollution control benefits. With the
addition of novel sources, Monterey’s present recycled water projects include production for CSIP
(18.1 million m3/y; 14,700 AFY), PWM (4.3 million m3/y; 3500 AFY), and RUWAP (0.7 million m3/y;
600 AFY) [44,48]. If storage options are developed to capture off-season flows of 11.5 million m3/y
(9300 AFY) of available source water [44], then recycled water supply could be expanded by up to
nearly 50%, depending on the balance of tertiary and advanced treatment. Distributing additional
recycled water reduces discharges of secondary effluent to Monterey Bay National Marine Sanctuary,
which benefits the adjacent marine environment in addition to providing potable water offset from
urban and rural recycled water use. Although the secondary effluent discharged to the sanctuary
complies with its National Pollutant Discharge Elimination System permit [53], increased capture of
secondary effluent would support water quality improvements including reduced nutrient loading.
When recycled, nutrients in the tertiary effluent add value as fertilizer for CSIP growers [54].

3.4.2. Funding and Proposition 218

Successful management of peri-urban water supplies depends on effective and equitable funding
strategies. In California, water revenues must comply with Proposition 218 (“Prop 218”), which supports
accountability of local governments by requiring voter approval of taxes and fees [55]. Particularly
relevant to water supply are Prop 218’s requirements that fees charged to a parcel “shall not exceed the
proportional cost of the service attributable to the parcel,” and that any fees must apply to services
“actually used by, or immediately available to, the owner of the property in question” [56].

These quoted passages provide important guidance on funding strategies for California water
supplies, as evidenced by the recent case of Capistrano Taxpayers Association, Inc. v. City of San Juan
Capistrano [57]. For San Juan Capistrano, funding strategies included tiered water rates to promote
conservation, as well recycled water charges distributed among all ratepayers to subsidize costs for
recycled water users. In 2013, the Orange County Superior Court ruled that the city’s tiered water rates
violated Prop 218’s proportionality requirement because these rates were not justified by the actual
incremental costs of higher consumption. It further ruled that per the immediate use requirement,
costs associated with recycled water projects could only be distributed to ratepayers who directly
received the recycled water. In 2015, the Fourth District Court of Appeals reversed this latter ruling,
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concluding that water supply is a single service immediately available to all customers, so there is no
Prop 218 violation in distributing recycled water costs among all ratepayers [58].

The precedent set by the case is that recycled water costs can be shared among all water users
to avoid prohibitive costs to the recycled water users. Second, tiered water rates or conservation
charges must be justified by the actual costs incurred in supplying more expensive water to meet
excessive consumption. Since a recycled water project might be necessary only because of high demand,
it remains unclear whether Prop 218 allows recycled water costs to be allocated to customers whose
low consumption levels would not necessitate more expensive sources such as recycled water [59].

In Monterey County, capital and operational costs associated with the PWM project are funded
through a Water Supply Charge assessed to all users of CalAm’s main water system [60]. This charge
was enacted in 2012 through a regulated procedure including notice to customers, a public hearing,
and a count of written objections [61]. In Monterey County, recycled water produced through PWM
enters the groundwater supply that serves all customers. This lends intuitive support to the legal
interpretation that recycled water costs are simply one component of a single water service and thus
can be distributed to all ratepayers as beneficiaries. However, Monterey may have to waive its Water
Supply Charge for low-use customers if it is ruled for San Juan Capistrano that more expensive
alternative water sources are a proportionality consideration.

As with PWM, CSIP costs are distributed broadly among beneficiaries. M1W also leveraged
considerable federal and state funding to finance the large initial costs of developing a recycled water
program. Federal Bureau of Reclamation loans financed about 70% of the capital costs for the SVRP
tertiary treatment and CSIP distribution projects [29]. Ongoing debt service and operational expenses
for these two projects are funded by water delivery and service fees from customers receiving recycled
water, as well as parcel-based benefits assessments from elsewhere in the Salinas Valley [62]. Based on
2020–2021 rates, CSIP customers pay delivery and acreage fees, $0.07/m3 ($81/AF), and $0.08/m2

($308/acre), while other parcels pay $0–0.02/m2 ($0–94/acre), depending on land use and location
within the valley [62]. Assuming an annual delivery of 24.1 million m3/y (19,500 AF) to the 49 km2

(12,000 acres) receiving CSIP water, the combined delivery and acreage fees result in an average cost to
CSIP growers of approximately $0.22/m3 ($271/AF; authors’ calculation).

3.4.3. Debating Desalination

Although the Monterey region has demonstrated great progress in leveraging collaborative water
projects to satisfy agricultural and urban needs, the future direction of the region’s water supply is
currently under debate. Excluding unlawful extractions from the Carmel River and Seaside Basin,
the Peninsula’s available water supply of 11.7 million m3/y (9450 AFY) is insufficient to meet long-term
needs [48]. Community leaders disagree on whether desalination or expanded reuse offers a better
water supply solution, and uncertainty surrounding future demand forms a critical part of this
debate. In a 2018 decision, the CPUC supported a water demand projection of 17.3 million m3/y
(14,000 AFY) [63], but Stoldt [64] argues that 13.4–15.2 million m3/y (10,900–12,300 AFY) is a more
appropriate estimate in light of additional demand data from recent years.

To satisfy future water demand, CalAm has proposed the Monterey Peninsula Water Supply
Project (MPWSP) featuring a desalination plant that would produce up to 7.7 million m3/y (6250 AFY)
of potable water [36,48,63]. Alternatively, M1W has proposed the PWM Expansion, which would
produce 2.8 million m3/y (2250 AFY) to meet demand for at least the next decade, thereby delaying
or forestalling the higher costs and energy use associated with desalination [47,64,65]. The projected
total water supply associated with each proposed project is compared in Figure 8. Since the proposed
desalination project would produce more water than the PWM Expansion, the amount and timing of
future demand is critical in evaluating the two projects. Table 3 compares estimated cost and energy
requirements, highlighting substantial differences between seawater desalination and indirect potable
reuse with groundwater recharge. If future water demand is less than projected and the proposed
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desalination plant operates at lower capacity than expected, the cost and energy requirements per unit
volume of desalinated water could be even greater than predicted [66].
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Table 3. Comparison of yield, cost, and energy for the proposed Monterey Peninsula Water Supply
Project’s (MPWSP) seawater desalination plant and Pure Water Monterey’s (PWM) groundwater
replenishment potable reuse project.

Project MPWSP Desalination PWM Expansion

Yield,
m3/y (AFY)

7.7 × 106

(6250) [48]
2.8 × 106

(2250) [48]

Cost,
$/m3 ($/AF)

$4.90–6.50
($6000–8000) [65]

$1.70
($2100) [65]

Energy Demand,
kWh/m3 (MWh/AF)

6.7
(8.3) [36]

2.1
(2.6) [48]

While desalination is CalAm’s preferred plan with PWM Expansion as a backup, the path
forward for desalination is not settled. The CPUC approved CalAm’s desalination project in 2018 [63],
but the City of Marina Planning Commission denied the required coastal development permit [67].
CalAm appealed to the California Coastal Commission, but the ensuing staff report recommended that
the Coastal Commission deny the permit [65]. In September 2020, one day before the scheduled Coastal
Commission vote, CalAm withdrew its permit application [68], intending to reapply within several
months after discussing environmental justice and cost concerns with residents [69]. CalAm refiled its
application in November 2020, but the Coastal Commission has requested additional information to
complete the application, which may further delay a decision [70].

At the time the CPUC was evaluating the desalination project, the PWM Expansion project had
just been conceived and was not yet adequately formed to be a feasible alternative [65]. Since then,
the PWM Expansion project has advanced to a final supplemental environmental impact report, though a
significant obstacle to its approval is that CalAm must agree to purchase the finished water [71].
Desalination supporters have criticized the PWM Expansion for failing to meet the Peninsula’s full
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projected need and for not contributing added diversity to the region’s water portfolio, as desalination
would [72]. Nonetheless, CalAm is under pressure to comply with the Carmel River cease and desist
order, so now that a possible alternative to desalination has been identified, CalAm may be forced to
agree to this option if the desalination project continues to experience delays. At this time, neither the
desalination project nor the PWM Expansion could be completed before the December 2021 deadline,
but the respective project schedules may be an important consideration for minimizing noncompliance
or meeting an extended deadline [36,47]. It is also possible that CalAm could temporarily satisfy
the cease and desist order with careful management of existing sources, though additional supply is
necessary to meet growing demand and to ensure reliability [73].

As evidenced by the recommendation of the California Coastal Commission’s staff report to deny
the desalination project, litigation surrounding social and environmental impacts will likely continue to
interfere with timely construction of a desalination plant. A major point of opposition to the desalination
project is the threat to local groundwater posed by its intake wells [33]. The project design uses a novel
technology, slant wells, which slope downward under the ocean bed, extracting seawater along their
length from the subsurface [74]. The subsurface intake minimizes impact to marine life and provides
filtration. Ideally, well heads would be positioned near the shore so that slant wells extending seaward
would draw water exclusively from beneath the ocean to avoid exacerbating seawater intrusion [74].
At CalAm’s selected extraction site near the City of Marina, however, construction near the coast is
blocked by endangered snowy plover habitat, protected dunes, and projected coastal erosion [74].
Consequently, the proposed wells are situated largely beneath dry land, with only small portions
(0–78 m; 0–257 ft) of the total well lengths (209–296 m; 685–970 ft) extending offshore (Figure 9) [36].
The telescoping design of the slant wells limits their constructible length to around 305 m (1000 ft),
making it infeasible to simply extend the well lengths to overcome the required setback distance [75].Water 2020, 12, x FOR PEER REVIEW 16 of 26 
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CalAm maintains that its slant wells would extract seawater and brackish water only, with no
impact to local potable groundwater, based on superposition modeling with the MODFLOW-based
North Marina Groundwater Model [36]. The City of Marina disagrees with CalAm’s conclusion,
citing a study by Goebel et al. [76] that used airborne electromagnetic sensing to reveal a more nuanced,
connected patchwork of brackish and freshwater zones existing within the intruded boundary used
by CalAm’s analysis [77]. The contested risk to local aquifers contributed to the Marina Planning
Commission’s decision to deny CalAm’s coastal development permit [67], and it also prompts
environmental justice concerns since the City of Marina lies outside CalAm’s service area where project
benefits would be experienced [66].

3.4.4. Debating Public versus Private Water Supply

Community opposition to CalAm’s desalination project does not end at Marina’s city limits.
Monterey Peninsula residents have spoken out against the higher cost and energy demand of employing
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desalination before other water supply options have been fully tapped [78]. Residents have expressed
concerns that CalAm as a private corporation is not properly accountable to the public and that its
for-profit organization presents a conflict of interest with serving the best interests of the community [66].
Since 1995, CalAm ratepayers have borne over $34 million in costs from the company’s failed water
supply projects, as well as the cumulative harm from excessive withdrawals from the Seaside Basin
and Carmel River [79]. Frustrated by this dynamic, in 2018 Monterey County voters approved Measure
J, directing MPWMD to conduct a feasibility study for public acquisition of CalAm’s Monterey water
system [80]. The ensuing feasibility study concluded that acquisition would be economically feasible,
estimating net present savings of $213–267 million over the next 20 years [81]. The MPWMD published
a draft environmental impact report in June 2020, which concluded that public acquisition would have
no significant and unavoidable environmental impacts [82].

The broader controversy between public and private water supply further complicates the debate
between desalination and PWM Expansion, creating multiple levels of uncertainty for the future of water
management in the Monterey region. Delays faced by CalAm’s approved desalination project highlight
the influence of community involvement in shaping water management outcomes. Public response
against CalAm has been propelled by the work of community action groups, notably Citizens for Just
Water opposing the intake wells in Marina [66] and Public Water Now introducing Measure J [83].
In contrast, the PWM Expansion water reuse project is supported by residents who oppose CalAm’s
desalination project, and the PWM Expansion builds on the momentum of the recently completed
original PWM project [33]. M1W cultivates this public support with outreach efforts including a
mailing list [84], plant tours [85], and a recently updated website [86] containing both high-level project
overviews and detailed engineering reports.

3.4.5. Planning Supply for Uncertain Demand

With layered uncertainty characterizing future water supply and demand on the Monterey
Peninsula, more information is needed before the region can confidently plan a permanent water
solution. Alternative water supplies require greater cost, energy, and emissions compared to
conventional surface and groundwater sources [87], so planning efforts must consider the best
balance between conventional and alternative supplies, in addition to the right portfolio of alternative
supplies [88]. Uncertainty surrounding Monterey’s water demand stems partly from the recent decline
in water demand within CalAm’s service area, which fell from 16.3 million m3/y (13,200 AFY) in
2009 [36] to 11.4 million m3/y (9200 AFY) in 2019 [89]. An increase in water supply can facilitate
unforeseen additional demand [90], though the magnitude and timing of this rebound is unclear.
Conservation achieved through behavioral changes and emergency restrictions tends to decay over
time [91], while structural elements like low-flow appliances would be maintained.

Already, the availability of recycled water has resulted in reduced demand for desalinated water,
as CalAm’s proposed desalination plant was scaled down from 36,000 m3/d (9.6 mgd) to 24,000 m3/d
(6.4 mgd) to accommodate available water from the original PWM project [36]. The PWM Expansion
could function similarly by further reducing required desalination and by postponing decisions about
desalination until the need is more immediate and, thus, better understood. While M1W predicted in
2018 that the PWM Expansion could provide adequate water supply for 5–15 years [47], more recent
projections extend this interval to as much as 30 years [64,65,92], underscoring the uncertainty associated
with future water demand on the Peninsula (Figure 10). Trends in water demand observed over the
next several years would support more informed planning of a desalination project, thus providing
informational benefit in addition to the interim cost and energy savings of recycled water use.
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3.5. Integrated Water Management

Water resource managers in other regions can benefit from the lessons of successes and challenges
in Monterey’s integrated water management program. One such success is the way in which Monterey
leverages its water supply stressors to elicit change. Costs, regulatory hurdles, and other barriers to
water supply projects are unavoidable, so the justification for these projects must be communicated in
equally concrete terms. Monterey’s recycled water programs were motivated by tangible effects of
resource scarcity and climate change, including seawater intrusion, state restrictions on conventional
water sources, and the effects of the 2012–2016 drought. Since public response is linked to awareness
of water supply risks [93], water resource management should focus on workable solutions to local
needs to build support for alternative water supply projects.

The success of Monterey’s water program is found not only in its novel water supplies but also in
its strong regional partnerships. In California, integrated water management efforts must navigate
numerous and complex water management institutions [94], and Monterey models a pathway to
accomplish this. Water managers and stakeholder groups working together and building trust can define
potential advantages of regional planning, including cost savings from shared infrastructure, equitable
distribution of risks and benefits, flexibility matching supply and demand, and the availability of state
and federal funding. Regional collaborations can internalize externalities and broaden participation in
water solutions. In practice, this could mean distributing recycled water costs to beneficiaries beyond
direct recipients, and this could make the difference between feasible and prohibitive costs.

Seasonal mismatch between water availability and demand represents a key challenge to integrated
water management, particularly to programs serving agricultural and urban irrigation needs. Regional
partnerships link supply and demand across space, but additional capital improvements are needed to
make this connection across time. This study has identified seasonal storage as a promising solution to
reduce contaminant loading and maximize water supplies. However, regulatory guidance needs to be
developed to help water managers implement the subsurface projects that would provide cost-effective
recycled water storage at this scale.

Another critical challenge to integrated water management is planning effectively under
uncertainty. Sustainability objectives encourage long-term planning, but planning efforts must also
consider the limitations of present data and the tradeoffs between present and future costs, benefits,
and risks. In Monterey, the debate between desalination and recycled water expansion shows that these
tradeoffs are not easily resolved. To strengthen decision making under uncertainty, water managers
should delineate between scientific data and value judgments [95], and they should engage varied
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stakeholders to better understand value preferences. Adaptive solutions such as phased or expandable
projects can lay the groundwork to meet future needs without requiring a large present investment.

4. Conclusions

This study has looked to Monterey County as an exemplar of one water management at
the agricultural–urban interface. Faced with growing threats to its conventional water supplies,
the Monterey/Salinas region responded by developing an innovative recycled water network to serve
the region’s diverse water needs. Monterey’s one water management story offers valuable lessons for
cultivating integrated water solutions, and it highlights critical challenges that remain.

Monterey’s experience demonstrates that a regional focus creates opportunities for one
water management. Regional partnerships strengthen integrated planning efforts by dissolving
traditional water management silos, internalizing costs and benefits of alternative water supplies,
and encompassing a larger body of potential sources and demands. Monterey’s recycled water network
combines urban and agricultural sources to meet both urban and agricultural demands, which results
in greater flexibility and economy in serving both constituents. In developing this network, Monterey
pioneered the use of tertiary recycled water to irrigate freshly edible food crops and the use of novel
source waters to grow and diversify the region’s recycled water supply. M1W and partnering agencies
built confidence in these innovations through pilot testing and by framing these solutions in the
context of local needs. Monterey’s story highlights the importance of community engagement to water
management planning. CalAm’s proposed desalination project received high-level CPUC approval
but has since stalled as community groups mobilize around environmental justice and accountability.
Meanwhile, growing support from the community has transformed the PWM Expansion backup
option into a serious contender for the Peninsula’s future water supply.

A critical challenge that remains for Monterey and other peri-urban communities is the seasonal
mismatch between recycled water supply and demand, especially for irrigation. Without adequate
storage, investments in recycled sources and treatment to serve agricultural users can be utilized
only during a fraction of the year. Opportunities for seasonal scale storage exist, but Monterey and
other communities considering reservoir or subsurface storage of recycled water would benefit from
additional regulatory guidance addressing recycled water storage as distinct from effluent discharge
or indirect potable reuse.

The controversy between public and private water supply complicates the debate between
desalination and recycled water expansion in the Monterey region. To build a future for communities
and industries, water-stressed regions must plan for the long-term sustainability of their water supplies,
though they must also consider the tradeoffs of incurring the cost and energy burden of more intensive
water supplies before there is certain need. Monterey’s experience suggests that community values and
future adaptability can help water supply planners navigate this uncertainty when making decisions
about water infrastructure investments. In Monterey looking forward, continued evaluation of regional
water demand would support more informed planning and justification for a desalination project.
Meanwhile, operational data on the PWM system would add to this discussion by highlighting the
cost and energy savings for recycled water and other benefits.
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Appendix A

The water sources introduced by the PWM project represent a major innovation in water reuse.
Together, the new sources from ag wash, Blanco Drain, Reclamation Ditch, and Salinas urban stormwater
runoff offer not only additional volume for reuse, but also a more diverse water supply portfolio.
A description of these novel water sources is provided below, along with a discussion of treatment and
storage considerations.

Appendix A.1. Source Waters

Appendix A.1.1. Blanco Drain

Blanco Drain collects agricultural surface and tile drainage and stormwater runoff from
approximately 26 km2 (6400 acres) located to the east of Salinas [13]. Blanco Drain is listed as
impaired for pesticides, nitrate, and toxicity under the Clean Water Act Section 303(d) [96]. Diversion
of up to 3.7 million m3/y (3000 AFY) is permitted, provided that minimum ecological flows are
maintained [97]. During a typical normal or wet year, M1W estimates that up to 3.3 million m3/y
(2670 AFY) would be available for diversion [71]. Presently, Blanco Drain contributes approximately
2.3 million m3/y (1870 AFY), or 37%, of the PWM source water, supplied during the months of March
through October [71].

Appendix A.1.2. Reclamation Ditch

The Reclamation Ditch receives agricultural drainage and natural and urban runoff flows from a
407 km2 (157 mi2) drainage network, including most of the city of Salinas [13]. The Reclamation Ditch
is listed as impaired for copper, fecal pathogens, low dissolved oxygen, nitrate, nutrients, organics,
pesticides, pH, turbidity, and toxicity under the Clean Water Act Section 303(d) [96]. Diversion of up to
2.5 million m3/y (2000 AFY) is permitted, provided that minimum ecological flows are maintained [98].
During a typical normal or wet year, M1W estimates that up to 1.0 million m3/y (808 AFY) would be
available for diversion [71]. Presently, the Reclamation Ditch contributes approximately 0.7 million
m3/y (555 AFY), or 11%, of the PWM source water, supplied during the months of March through
November [71].

Appendix A.1.3. Ag Wash

The Salinas Industrial Wastewater Treatment Facility (SIWTF) receives ag wash water from 25 food
processing operations, with over 80% of flow coming from the rinsing of vegetables (Figure 3) [13].
In 2019, the facility handled 2.7 million m3/y (2200 AFY) of industrial wastewater, with peak flows
occurring in May and minimum flows occurring in September [99]. Formerly, the SIWTF aeration
basin discharged to either percolation ponds or to rapid infiltration beds [100]. Today, the PWM project
redirects treated effluent from the SIWTF to the front of the RTP during the summer months when
irrigation demand is highest [47]. During the remainder of the year when ag wash is not needed,
the percolation ponds provide up to 1.3 million m3 (1065 AF) of seasonal storage for summer use [44].

Appendix A.1.4. Salinas Stormwater

Urban runoff from 6.5 km2 (2.5 mi2) in the southern part of Salinas is conveyed separately from
the Reclamation Ditch [13]. This runoff is combined with ag wash water at the SIWTF, yielding an
estimated 3.8 million m3/y (3100 AFY) available for recycling during a typical normal or wet year [71].
Presently, these combined sources contribute approximately 0.6 million m3/y (513 AFY), or 10%, of the
PWM source water, supplied primarily during the months of March through May [71].
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Appendix A.1.5. Municipal Wastewater

During a typical normal or wet year, up to 7.2 million m3/y (5800 AFY) of secondary municipal
wastewater effluent would be available for advanced purification [71]. Presently, the secondary effluent
contributes approximately 2.3 million m3/y (1885 AFY), or 37%, of the PWM source water, supplied
primarily during the months of November through March when the need for agricultural irrigation
water is lowest [71].

An additional 0.3 million m3/y (244 AFY), or 5%, of the PWM source water is sourced from various
recycled and backwash flows generated at the treatment plants [71].

Appendix A.2. Recycled Water Treatment & Storage

Appendix A.2.1. Treatment Concerns

Several of the new sources introduced by PWM have quality impairment concerns, so capturing
and treating this water benefits stormwater and runoff management efforts in Monterey County.
For instance, median total nitrogen levels of 25 mg/L and 70 mg/L as N were measured for the
untreated ag wash and Blanco Drain sources, respectively, while the advanced treated water met Title
22 requirements of 10 mg/L total nitrogen [13]. Similarly, the ag wash and Blanco Drain sources had
median total organic carbon (TOC) levels of 295 mg/L and 3 mg/L, respectively, whereas the advanced
treated water for potable reuse met Title 22 requirements of 0.5 mg/L TOC [13]. Legacy pesticides
dieldrin and dichlorodiphenyldichloroethylene (DDE) were detected in the Blanco Drain source but
removed effectively at the RTP [13]. Water quality improvements between the source and finished
water are achieved through dilution of blended source waters, primary and secondary treatment
processes, and post-secondary treatment processes.

Appendix A.2.2. Tertiary Treatment Selection

All source waters entering the Regional Treatment Plant undergo primary and secondary treatment
(Figure 4). Secondary effluent is allocated among parallel streams of advanced treatment, tertiary
treatment, and the ocean outfall, depending on current recycled water demand. To reduce levels of
total dissolved solids (TDS) in the recycled water streams, M1W receives certain high-TDS wastes by
truck, such as water softener wastes, which are added to the secondary effluent destined for ocean
discharge [13].

The tertiary treatment of flocculation, in-line filtration, and chlorination produces nonpotable
recycled water for CSIP irrigation [43]. This treatment train was piloted during the Monterey Wastewater
Reclamation Study for Agriculture as an abbreviated version of California’s Title 22 treatment process,
which required higher coagulant doses and a sedimentation step prior to filtration [27]. Pilot testing
demonstrated that the in-line filtration tertiary treatment train produced safe irrigation water at
two-thirds or less of the cost of the conventional Title 22 process [27].

Appendix A.2.3. Regulatory Context for Subsurface Storage of Recycled Water

The State Water Resources Control Board regulates the treatment and use of recycled water
under the California Code of Regulations Title 22, Division 4 [101]. For indirect potable reuse through
the PWM groundwater replenishment project, seasonal storage occurs in the groundwater basin,
which also serves as the required environmental buffer providing pathogen reduction and failure
response time. However, the Title 22 discussion does not include recycled water that is applied to the
subsurface but not intended for potable groundwater replenishment, as would be the case for the
perched aquifer storage of tertiary treated water at Armstrong Ranch. While the tertiary recycled
water does not meet drinking water standards, discharge of lower-quality effluent to the subsurface
is not always prohibited [102,103]. Consistent with California’s Antidegradation Policy (Resolution
No. 68-16), M1W would need to demonstrate that recycled water storage at Armstrong Ranch would
not compromise groundwater or surface water quality [104]. Beyond that, however, it is unclear
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what other environmental and public health requirements also apply. Additional regulatory guidance
clarifying these requirements would support expanded storage opportunities and other recycled
water innovations.

Appendix A.2.4. Pure Water Monterey Treatment System Design

Advanced treatment that includes ozone, membrane filtration (MF), reverse osmosis (RO),
and UV/H2O2 advanced oxidation is used to produce potable recycled water for groundwater
replenishment [39]. For groundwater replenishment projects with subsurface injection, indirect potable
reuse regulations from the State Water Resources Control Board Division of Drinking Water require full
advanced treatment including RO and advanced oxidation [101]. Ozonation followed by membrane
filtration was selected as pretreatment for reverse osmosis [40]. Ozone pretreatment can reduce MF
fouling by oxidizing large (>10 kDa) organic molecules in the secondary effluent, yielding smaller
molecules (<1 kDa) that instead pass through the MF membranes and are later rejected by RO [13].
In addition to improving MF performance, the ozone pretreatment provides added disinfection and
destruction of many contaminants of emerging concern [13].

To evaluate the performance of the advanced treatment train and to refine operational parameters
for full-scale design, pilot-scale testing was performed between October 2013 and July 2014 [40].
As M1W was evaluating ozone pretreatment for the PWM project, project leaders had identified
only one other entity that used this treatment approach for non-nitrified secondary wastewater
effluent [13]. The West Basin Municipal Water District in Los Angeles County, CA, had just installed
ozone pretreatment at its Edward C. Little Water Recycling Facility in 2013 [105]. Whereas West Basin
had demonstrated the potential effectiveness of ozone pretreatment to improve MF performance [106],
this treatment strategy was untested for the unique blend of source waters utilized by PWM. The PWM
pilot study revealed that ozone pretreatment reduced fouling of the MF membranes, extending MF run
times by a factor of four and supporting higher MF fluxes, which translated to cost and space savings
at full scale [40].
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