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The Project

Requirement of Provision VL.C ofthe 2019
Nutrient Watershed Permit

Estimate nutrient reduction potential, on a
regional scale, via treatment wetlands
(open water &horizontal levees)

Secondary objective to address barriers
to implementation and encourage multi-
agency coordination



&he New York Times

Toxic Red Tide Kills ‘Uncountable’
Numbers of Fish in the Bay Area

A harmful algal bloom in the San Francisco Bay is killing fish,

sharks and stingrays. Some are washing ashore.

% Give this article A~ E]

@ i &nlgi‘le;niaA]gal Bloom Kills Unprecedented’ Numbers of Fish n W | <

A harmful algal bloom in the San Francisco Bay Area has killed numerous fish, sharks
and stingrays. Justin Sullivan/Getty Images

@ By Livia Albeck-Ripka

Aug. 30, 2022

A harmful algal bloom known as a red tide is killing off

New Urgency Post-2022

2022 harmful algae bloom of
Heterosigma akashiwo killed an
unknown number of white and green
sturgeon, along others

2024 Nutrient Watershed permit requires
a 40% Bay-wide reduction i total
inorganic nitrogen loads from wastewater



What are Nature-based Solutions?

Engineered interventions that exploit natural

processes to foster urban resilience and

sustainability.




Back to the Future

Fig. 2.

i x

"

ALLERYNS

>ﬁ<

Wastewater treatment is based

b
m"éuuu
NN NN '\\'\'\\\\\

upon natural systems and is i |
constantly iterating g3 g im—— 7 #
& SN ,/
B/itne.s..se . @ Inventor,

1901 U.S. patent for a treatment wetland system.
(From U.S. Patent 68 ,884.) Courtesy Kadlec and
Wallace 2009.



Drivers of Nature-based Solutions for Wastewater

1. Sea level rise adaptation - horizontal levees/living shorelines, tidal marsh
restoration, oyster reefs,

2. Reduction in nutrients & other pollutants- horizontal levees/living
shorelines, open water treatment wetlands, horizontal or vertical flow
(subsurface) wetlands, floating wetlands

3. Wet weather retention - open water wetlands

4. Recycled water & dry-weather discharge prohibitions - land application &
irrigation, ROC treatment



Horizontal Levees

: SFEP



Open Water Wetlands

Photo: David Sedlak



Evolution of the GreenPlanIT
and Adaptation Atlas models

to inform NDbS for wastewater

treatment + shoreline
resilience
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Select actions that
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Evolution of the GreenPlanIT
and Adaptation Atlas models

to inform NDbS for wastewater

treatment + shoreline
resilience
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Desktop screening

GIS suitability analysis, including factors like:

* Land cover

e Elevation

 Slope

 Ownership

* Adjacency (e.g. to tidal marshes and development)
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C |TY U F PA L[] A LTU Palo Alto Regional Water Quality Control Plant

FACILITY METRICS
Subembayment  Lower South Bay
Dry Season Daily Discharge  19.8 mgd

NATURE-BASED TREATMENT SOLUTIONS

The Palo Alto Wastewater Treatment Plant Refer to pages 14-15 for a key to interpreting the metrics in the Dry Season Total Inarganic Nitrogen (TIN) load 2,264 lg N/d
discharges nitrified effluent to Lower SF Bay. folowing tables: Existing TIN effluent concentration 30 mg/L
The facility serves a population of -220,000 R e s e :f;:ﬁ::ﬂl:;;:uhhnhrimwg

£ a.dry waather porriitted ty Overall suitability for nature-based treatment solutions
of 39 mgd and average dry weather flov

of - 20 mgd. The s existing 14-ac Measure Suitability
freshwater marsh receives treated effluent.
Palo Alto has expressed interest in expanding
NbS and recycled water deliveries to meet
sustainability objectives.

Preliminary Findings Open water wetland opportunities  open water weelands ons

Several opportunities for both treatment types e 2 =
were identified, including some in close proximity to \ishin & miexe] faslity
the Palo Alto facility. Together, tha thrae highlightad
open water wetland opportunities could reduce

the nitrified TIN load by about 45%. The nearest Nearby sites over 5 acres (highlighted in blue on map)
harizontal lavee opportunity could raduce TIN loads .

by abour 19 Potentially Suitable Area 8- 1M acres

Existing or planned NbS  Existing & Planned
Existing SLR strategy  Yes

East Palo

Open waterwetlands Moderate Allo

Harizontal levees High

Location of planned horizontal leves pilot project
Total Potentially Suitable Area 182 acres

Opportunities & Constraints
As anitrifying facilinywith a high degree of future
flood vulnerability, potential sists w partner on

horzontal levees. Constraints include the adjacent Facility-Specific TIN Reduction 3% - 45%
airport, the densa urban landscape, and need
for cooperation among diversa stakeholders and

landowners. Lessons being learned through the Horizontal levee opportunities harizantallevees on map
current leves project will aid in future planning.

Total Potential Flow Capacity 07 - 9.9 mgd

Red lines indicate proposad alternative

Total TIN Reduction Potential B0 - 1130 kg/day
1 leves alignments - SAFER Bay Project

Palo Alto
Potentially Suitable Length 3.3-12.8km

Total Potential Flow Capacity 56-218mgd

Total TIN Reduction Potential 430 - 1,660 kg/day

) "
Facility-Specific TIN Reduction 19% -73% oy “
1 ¥
Open water wetland opportunity Disclaimer: This is nota plan, but the
Site opportunities and constraints ﬁ BER R TORITOn1 AN, : - resuits of a regionwide suitability analysis
&2k i) uiller Highly suitable using the methods detalledin this
Consideration Relative Magnitude y report. Additional studly, planning, and
A L Moderately suitable enginesring will be required to refine
Excess Treatrnent Capacity Horizontallevee opportunity . these opportunities.
. I Possie horzontal evee ocat B Geere 0 05 1 mi
- : 0 oriz: evee ion . mi
Phata courtesy of Googls Earth Land Use/Regulatory Conflicts s - 1 | |
[l Nearestnorizontaltevee tofacilty Crpm  BlOn O ANaTg [ T T
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NATURE-BASED ADAPTATION OPPORTUNITIES MAP
San Francisquito

Legend
CONDITIONS SUITABLE FOR*:
EZ Nearshore reefs

I Tidal marsh

Polder management

- Ecotone levee
L

igration space preparation (unprotected

OTHER
Elevation unknown per USGS 2013
BB Newly restored or planned restoration

For 2 map of current bayla bit:

Migration space preparation (protected)

EXISTING FEATURES
= (reek

I Mudfiat
B Tidal marsh
B Development

East Pala
Alto
South
San Francisco
;1%

East Palo
Alto

Y¢ Wastewatertreatment facilty
O 3.2km (2m) buffer

* Disclaimer: This is not an adaptation plan. This map only provides 4 L
i Horizontallevee opportunity

information on the suitability of nature-based measures according to
the methods detailed in this report. Additional study, planning, and
engineering will be required to further refine these opportunities.

I Possivie horzontal evee location

[ nearestnorizontal evee to facility

Palo Alto Regional Water Quality Control Plant

FACILITY METRICS
Subembayment
Dry Season Daily Discharge
Dry Season Total Inorganic Nitrogen (TIN) load

Lower South Bay
19.8 mgd

2,264 kg Nid
20mg/L

Trickling filters with nitrifying
activated sudge

Existing & Planned
Yes

Existing TIN effluent concentration
Existing secondary treatment process

Exdsting or planned MbS
Existing SLR strategy

Location of planned horizontal leves pilot project

Red lines indicate proposad alternative
leves alignments - SAFER Bay Project

PaloAlto ¥

Open water wetland opportunity Disclaimer: This is not a plan, but the

results of a regionwide suitability analysis

Highly suitable using the methods detalledin this
report. Additional study, planning, and
I . Moderately suitable enginesring will be required to refine
these opportunities.
Bl i .
0 05 1mi
Nearest3 sites over 5acres |l I l T |
05 1km




Q NATURE-BASED ADAPTATION OPPORTUNITIES MAP
San Francisquito

Palo Alto Regional Water Quality Control Plant

Legend
CONDITIONS SUITABLE FOR™: OTHER FACILITY METRICS
22 Nearshare resfs Y Elevation unknown per USGS 2013
/ : Subembayment  Lower South Bay
I Tidal marsh 3 B8 Newly restored or planned restoration —
Dry Season Daily Discharge  19.8 mgd
W Fora map ofcurrent beylands hab Dry Season Total Inorganic Nitrogen (TIN) load  2.264 kg N/d
- Ecotone levee - -
I Vigration space preparation (unprotected) ¥ Existing TIN effluent concentration 30 mg/L,
Migration space preparation (protected) 8 i1 L Existing secondary treatment process :f;:d:zfi'::;;:m‘ ]
e ’é"""l““ g Existing or planned NbS  Existing & Planned
—— Creel g -
- Mudflat A : Existing SLR strategy  Yes
BB Tidal marsh East Pala
B Development i X Alta
South
San Francisco
;1%
* Location of planned horizontal leves pilot project

s )
3 Red lines indicate proposad alternative
leves alignments - SAFER Bay Project
PaloAlto ¥
3
Open water wetland opportunity Disclaimer: This is nota plan, but the
Y Wastewater reatment faciity g g resits of a regionwide suitability analysis
3:2km (2 m) bufler Highly suitable using the methods detalledin this
s " report. Additional study, planning, and
* Disclaimer: Thisis not an adaptation plan. This map only provides A s I . Moderately suitable engineering will be required to refine
information on the suitability of natuire-based measures according to Horizontallevee opportunity these opportunities.
the methods detailed in this report. Additional study, planning, and - Less suitable
engineering will be required to further refine these opportunities. - Possble horizontal levealocation 0 05 1mi
i acre | | I
[l Nearestnorizontaltevee tofacilty i e Bl [ T T




Opportunity Results

@ High Potential (18)
@® Medium Potential (12)

@ Low Potential (10)



Site-Specific Analyses

. High NbS potential
. Medium potential

() Low potential

O Site-specific evaluations Avg. nitrogenload (kg/day)
* <60

@ o200



Phases of analysis

Scoping & Evaluation

NATURE-BASED SOLUTIONS
FOR NUTRIENT LOAD REDUCTION
FROM WASTEWATER

Scoping and Evaluation Plan

November 2019

SFE| 2
=

Desktop screening (factsheets
for 37 facilities)

NATURE-BASED SOLUTIONS FOR NUTRIENT REMOVAL
OPPORTUNITIES & CONSTRAINTS ANALYSIS

BACWA PREPARED BY
> BAY AREA o
Dy ClEAN WaTER PREPARED FOR
s AGENCIES Bay Area Clean Water Agencies.

SFEI AGUATIC
SCIENCE
CENTER

Site evaluations for 8 high
opportunity facilities

NATURE-BASED SOLUTIONS FOR NUTRIENT REMOVAL
SITE EVALUATION: NOVATO SANITARY DISTRICT
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Cost estimates and concept
designs for 3 facilities

Nature-based Solutions for Nutrient Removal

CONCEPT DESIGN & COST ESTIMATE:
FAIRFIELD-SUISUN SEWER DISTRICT

PREPARED BY
San Francisco Estuary Instituce (Ellen Plar, zn Wren)
HOR, Inc

INPARTNERSHIPWITH
Fairfeld it

PREPARED FOR
Bay Are ater Agencies

SFEI D it




FSSD major treatment area
FSSD0 property and easaments
Electric transmission ina
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Matural gas pipaling
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- Option 1: Corvert former final effluent ponds into train of open water wetlands o ptimized for various purposes

- Option 2: Dual-purpose wet-weather equalization / open water treatment cell with seapage slope sides

- Option 3: Construct perimeter horizontal levee in phases. Eventually reconnect to restored tidalmarsh (Option 4)

- Option 4: Convert the 87-acre parcel to a multi-benefit wastewater polishing wetland. Future phases may
include construction of polishing wetlands in the parcels the south of the plant and partnerships with duck clubs
to construct temporary freshwater wetlands to build peat {elevation) and prepare for future tidal restoration.

OPTION1

Convert one or more of the effluent
holding ponds in the nerthwest area

of the plant to a train of ponds or
segmented sections optimized saparately
for ecological enhancement and nutrient
removal. These holding ponds are
currently underutilized and could be
repurposed to achieve muitiple benefits.
The train of ponds could provide a
valuable recreational opportunity in an
undersened area with minimal access to
parks. This could include wildlife viewing
opportunities as well as educational
components including signage describing
the design and purpose of each pond.
The series could include 1-2 unvegetated
ponds optimized for nutrient and
contaminants of emerging concern
(CEC) removal and -2 vegetated ponds
optimized for waterbird habitat.

i TP

.
o

mmmmml.
The open water treatment coll on the left 5 optimized for
defirribcation - with woodchip seepage shopes and baffies to
minimine hydraulic short-crousting. The pond on the night 5.
3 vegetated open water wetland with 3 habitat island A trad
mwwmmwlmm
wo




OPTION 3

Build a horizontal levee around the treatment plant on
the farmed parcels to the south and east. The levee
could be developed in phases, with the first phase

on the parcels to the east or south of the plant, and
later phases completing the ringwith a levee on the
edge of the southeast parcel. Initially, the purpose

of the horizontal levee would be nutrient removal,

with additional co- benefits if tidal marsh is restored
bayward of the levee. The horizontal levee could be
designed to include trails for public access, recraation,
and education. Figure 7 shows the parcels where the
horizontal levee could be constructed. The actual
construction footprint would be smaller than these
parcels and can be determined in later design stages.
The design would need to ba integrated with the design
of future flood risk management infrastructure needed
to protect the plant.

Example concept sketch demonstrating option 3.

A horizontal leves,/zeapage slope i locatad to the south
and east of the plant. An option indudes adding recreational
access at the iop of the fiood kevee behind the seepage
slope for public access and educational/wildlife viewing
opportunities.

Table 1. Comparison of each option's relative contribution to achieving goals of NbS implementation.

@-= Achieves.

() = Partially achieves.

(= Does not achieve.

For TIN removal, ‘Achieves’ is>30% removal, ‘Partially achieves’ is 5-20% removal, and "Does not achieve is <5% removal.

Option 1. Convert
former final effluent
ponds into train of
wetlands optimized
for various purposes
(14-ac total)’

Option 2. Dual
purpose wet weather
equalization / open
water treatment cell
with seepage slope
sides (155-ac total)

Option 3. 2.4-km
horizontal levee along
the interior portions
of the three potential
freshwater wetland
cells?

Option 4. Convert
the 97-acre parcel

to a multi-benefit
wastewater polishing
wetland

Goal 1: Reduces nutrient loads to the Bay and improves overall water quality.

Reduces TIN

Estimated dry-season reduction
(kg d-1/ % reduction of daily TIN
load)

100 kg d-1/10%

1200 kg d-1 patential /
100%

o

310 kg d-1/30%

730kgd-1/70%

Reduces CECs

Goal 2: Reduces flood risk for the p

lant and/or associated infrastructure.

Attenuates waves and provides
erosion resistance

O

O

OPTION 4

Convert the 97-acre agricultural parcel to the east of the treatment plant to a treatment wetland for
wastewater polishing, education, and possible recreation. Other areas potentially suitable for conversion
to freshwater marsh include the 40- and 18-acre parcels south of the plant and nearby duck clubs.

Based on management priorities, the area
could serve long-term wastewater treatment
purposes or be encouraged to build a peat
layer to increase land elevation and sea-

level rise resilience. As maintenance of
perimeter dikes becomes more challenging
with sea-level rise, strategic breaches may
connect the area to tidal influence via Suisun
Marsh sloughs. Eventually, the marsh could
migrate upland toward a horizontal levee, if
incorporated with Option 3, and freshwater
flowing through the horizontal levee could

be discharged in a diffuse manner to the

tidal marsh. This option would enhance the
connectivity of the landscape to Suisun Marsh
and increase the resilience of the wastewater
plant and surrounding lands to sea-level rise.

Example concept sketch demonstrating option 4.

Treated wastewater is used to create a temporary freshwater
wetland to build up organic matter for increasing elevation and
resilience to sea-level rise.

Facilitates marsh accretion

o]

O]

O

Goal 3: Create and/or enhance habitat

Provides marsh-upland transition
zone habitat and marsh migration
space

Provides high tide refuge habitat
for wildlife

Increases habitat complexity

Provides freshwater pond/marsh
habitat

® ® O | O

¢|¢/O| O

® ®O| O

Goal 4: Enhances recreational opportunities.

Provides opportunity for public
trails and wildlife viewing

O

Goal 5: Provides additional co-benefits.

Reduces use of potable water for
irrigation

o]

Supports goals of partner
organizations (e.g. facilitates
neighboring restoration projects)

N/A

N/A

N/A

N/A




Conceptual Desighs & Cost Estimates

Cross-bems with
notched weirs o

. prevent hydraulic
- shortcirauiting

. Flows through unit cell
open water wetland

* optimized for nutrient
removal

Table 1. Planning level cost estimates for various nature-based solutions considered in Appendix A.

5 Lo Option Footprint Size (acres)  Construction Cost ($ Milions)
e ‘ Unit Cell Wettand (BT - Figure 1) 8 35 Mil
it | m = Peat Building wetland (B2 - Figure 1) b4 $34 Mil
T : | Extended Peat Building Wetland (83- Figure 1) | 31 $19 Ml
1 30:1 Horizontal Levee (C1- Figure 1) 17 $11- 26 Mil
» 10:1 Horizontal Levee [C2 - Figure 1) 7 $E-12 Mil

! 4
o O e b
; it e N

Figure 1. Concapt drawing for open water wetland complex at FSSD. Circled letter Labels correspond to the phases of the
anaptation pathway shown in Figure 2.

&




CONCEPTUAL DESIGN OPTIONS

Mill Valley | |
Marsh

: . To date, this project identified three main nature-based options for a multi-benefit nutrient
3 [ F ; : load management strategy for SASM (Figure 7). These could be standalone options or

i could be combined as elements of a larger strategy. Option 3 represents the most viable
stand-alone alternative, involving conversion of the North and/or South Equalization
Basins to some form of open water treatment wetland. Options 1and 2 involve a footprint
outside the treatment plant and would require additional partnerships and regulatory
processes.

The next step in this process involves additional engagement with SASM to identify the
preferred alternative and appropriate near-term planning efforts.

OPTION 1

Option 1 requires partnership with the Bothin
Marsh Evolving Shorelines project and the
Bothin Marsh Open Space Preserve to route
treated effluent to a horizontal levee at the
back of North Bothin Marsh. The levee could
be constructed as part of a habitat resilience
and flood protection effort, making it lower
risk and lower cost for SASM. The horizontal
levee would be integrated with Bay Trail

and habitat adaptation planning for Bothin
Marsh. Waterwould need to be piped from
the SASM plant along the Bay Trail and
across the bridge at Arroyo Corte Madera
del Presidio to the horizontal levee site. It

would then seep through a subsurface layer

in the horizontal levee and discharge to Morth . A
[ option 1: Coordinate with Bothin Marsh Evolving Shorelines project on a horizontal levee at North Bothin Marsh. alies - mﬁxﬁmm I':l:""' 1.
5 5 o i ; horizontal levee seepage slope integrated into an
- Option 2: Construct a horizontal levee bety the South Equall Basin and Mill Valley Marsh. T O T A

Option 3: Retrofit one or both equalization basins as dual-purpose treatment wetlands / wet weather
equalization basins.



Case Studies

Union San / Hayward Marsh
Petaluma

IENCEIIMER

Mt. View

Oro Loma

Case study site
High NbS potential
Medium potential

Low potential




Submittal to the Water Board

Available at

https://bacwa.org/nutrients/

https://www.sfei.org/projects/nature-
based-solutions-nutrient-removal

BACWA A LOGIN Search p

BAY AREA

CLEAN WATER

gé AGENCIES
HOME ABOUT MEETINGS BACWA COMMITTEES EDUCATION BACWA MEMBERS NUTRIENTS CONTACT US

NUTRIENTS

Nutrients in the San Francisco Bay are a major issue for the Bay Area water quality community. Historically, the San Francisco Bay has not been adversely impacted by nutrient

loading even though it is nutrient-enriched compared to other estuaries around the country. Stakeholders in the Region wish to better understand this resiliency, and whether it
may be threatened in the future. Numerous scientific studies are being conducted by several entities, including the Regional Monitoring Program, o understand the impact of
nutrients on the San Francisco Bay. BACWA members are major contributors to help fund the studies. While these studies are ongoing, BACWA leadership is working with
regulators to ensure that any future nutrient effluent limits are based on sound science.

2ND WATERSHED PERMIT STUDIES VIEW ALL
Regional Evaluation of Potential Nutrient Discharge Reduction by Water Recycling DOWNLOAD
Phase 1 - NBS Opporturities and Constraints analysis DOWNLOAD
Phase 2 - NBS Site Specific Agency Memos DOWNLOAD
Watershed Permit Special Studies Status Update 2022 DOWNLOAD
Watershed Permit Special Studies Status Update 2021 DOWNLOAD

RFI for 2nd Watershed Permit Studies DOWNLOAD



https://bacwa.org/nutrients/
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal
https://www.sfei.org/projects/nature-based-solutions-nutrient-removal

San Leandro WPCP Update

e Secepage slope &open water feature with nitrification, for ~I mgd via modular
MABR nitrification system, liner, fill, woodchip-embedded crates, etc

~$3 million for nitrification / $8 million for construction / $ 1 million contingency

~$6 million from Measure AA and EPA Water Quality Improvement Fund

Contact: Hayes Morehouse, San Leandro Water Pollution Control Plant



-I » 6.9 acre pond built~1972

- used historically for emergency wet
weather storage

» treatment plant subject to future
flood risk

Recerit 9pnd|t|ons



-+ Conversion of the pond to a multi-
benefit treatment wetland

» Discharge of highly treated waste-
water to San Francisco Bay

« Demonstration of innovative
nature-based treatment approach
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SanLeandro Treatment Wetland Proj
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