RMP Sediment Workgroup Meeting
May 17, 2022
10:00 AM – 3:00 PM
REMOTE ACCESS ONLY
https://us06web.zoom.us/j/82571737358
Meeting ID: 825 7173 7358
Dial by your location
+1 669 900 6833 US (San Jose)
+1 253 215 8782 US (Tacoma)
+1 346 248 7799 US (Houston)
+1 312 626 6799 US (Chicago)
+1 929 205 6099 US (New York)
+1 301 715 8592 US (Washington DC)
Find your local number: https://us06web.zoom.us/u/kqTYx7gdZ

AGENDA
1.

2.

Introduction and Goals for Today’s Meeting

10:00 am

The goals for today are to:

Melissa Foley
(SFEI)

●

Review findings from Sediment Workgroup studies

●

Discuss Special Study proposals and study ideas for funding in 2023

●

Rank 2023 Special Study proposals

Information: Questions for webinar presenters

10:15 am

On May 11, 2022, the Sediment Workgroup was provided a link to a pre-recorded
webinar with presentations on three completed and on-going RMP Sediment
Workgroup efforts. This item allows Workgroup members who viewed the webinar a
change to ask the presenters questions.

Scott
Dusterhoff
(SFEI)

Desired outcome: Opportunity for clarifying questions about the webinar presentations

Rachel Allen
(USGS)
Jessie Lacy &
Karen Thorne
(USGS)

3.

Information: Quick Presentations on Sediment Workgroup Studies and Sediment
Studies from Other Workgroups
SFEI scientists will give short presentations on completed and ongoing RMP-funded
sediment-focused efforts. This will be an opportunity for Workgroup members to be
informed about these efforts and ask questions.
●
●
●
●

4.

Bioaccumulation Tests for Total PCBs in Dredging Projects
DMMO San Francisco Bay Floating Percentile Method Update
Strategy for Modeling Contaminant Transport and Fate in San Francisco Bay
Integrated Watershed Bay Modeling Strategy

10:30 am
Miguel Mendez
& Diana Lin
(SFEI)
Don Yee
(SFEI)
Jay Davis
(SFEI)

Desired outcome: Informed workgroup

Tan Zi
(SFEI)

Information: Overview of Workgroup Strategic Planning Efforts

11:00 am

This item will focus on the strategic planning efforts that will be underway within the
Workgroup over the next 18 months.

Scott
Dusterhoff
(SFEI)

Desired outcome: Informed workgroup
5a
.

Information: Presentations of 2023 Special Study Proposals

11:30 am

The special study proposals being considered for 2023 funding will be presented to the
Workgroup.

Lester McKee
(SFEI)

Meeting materials: [page numbers refer to the meeting packet]
●

Napa River and Sonoma Creek Watershed sediment loads (SFEI) [packet pgs.
5 - 12]

●

Spatial and Temporal Variations in Suspended Sediment Flux, Benicia, CA
(USGS) [packet pgs. 13 - 25]

Paul Work and
David Hart
(USGS)

Desired outcome: Opportunity for clarifying questions about the proposals

5b
.

LUNCH (meeting break)

12:20 pm

Information: Presentations of 2023 Special Study Proposals continued

12:50 pm

The special study proposals being considered for 2023 funding will be presented to the
Workgroup.

Jessie Lacy
and Karen
Thorne
(USGS)

Meeting materials: [page numbers refer to the meeting packet]
●

Temporal variability in sediment delivery to a North and a Central San
Francisco Bay salt marsh: project expansion (USGS) [packet pgs. 26 - 37]

●

Continuous Suspended Sediment and Wave Monitoring in South and Lower
South San Francisco Bay, Year 2 (SFEI) [packet pgs. 38 - 46]

Desired outcome: Opportunity for clarifying questions about the proposals

Lilia Mourier
and Melissa
Foley (SFEI)

6.

CLOSED SESSION
Decision: Ranking of 2023 Special Studies Proposal
RMP Special Studies are identified and funded through a three-step process.
Workgroups recommend studies for funding to the Technical Review Committee (TRC).
The TRC weighs input from all the workgroups and then recommends a slate of studies
to the Steering Committee. The Steering Committee makes the final funding decision.
During this agenda item, the Workgroup will rank the special study proposals and study
ideas, and recommend the special study ideas that should be developed into
proposals. To avoid an actual or perceived conflict of interest, the Principal
Investigators for study proposals and study ideas proposed special studies are
expected to leave the room during this agenda item. RMP Stakeholders will be asked
to do the ranking.

1:45 pm
Luisa Valiela
(TRC Member)

Meeting Materials:
●

RMP Charter (describes process for funding decisions)

●

RMP Multi-Year Plan that includes the Sediment Workgroup Multi-Year Plan (p.
30-33)

●

Sediment Monitoring and Modeling Strategy

●

Guidelines for Inclusive Conversations [packet pg. 4]

Desired Outcome: Ranking of the Sediment Workgroup proposed 2023 Special Study
Ideas that will move forward toward proposals for the TRC
7.

Report Out of Proposal Idea Ranking and Recommendations to Principal
Investigators

2:30 pm
Luisa Valiela
(TRC Member)

8.

Information: Overview of Bay Sediment Efforts

2:45 pm

Workgroup members will provide information on new efforts focusing on the science
and management of Bay sediment

Adjourn

3:00 pm

Bay RMP Stakeholder and Workgroup Meetings
Guidelines for Inclusive Conversations

This document is intended as a guideline for engagement at Bay RMP Technical Review Committee, Steering
Committee, and Workgroup meetings. This is a living document. If you have input on what could be added,
please email Melissa Foley (melissaf@sfei.org).

Zoom Etiquette
●
●
●

Rename yourself - consider adding your name, organization, preferred pronouns and whose native
land you are on.
“Raise your hand” virtually if you wish to speak.
In the case of a land acknowledgement, take the time to determine whose native land you are on at
the time of your meeting (https://native-land.ca/). People may be invited to share the name in the
chat.

Meeting Agreements1
●
●

●

●

●
●
●
●
●
●
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TRY IT ON: Be willing to “try on” new ideas, or ways of doing things that might not be what you
prefer or are familiar with.
PRACTICE SELF FOCUS: Attend to and speak about your own experiences and responses. Do not
speak for a whole group or express assumptions about the experience of others. Work on
examining your default assumptions about another person's identity or lived experience.
UNDERSTAND THE DIFFERENCE BETWEEN INTENT AND IMPACT: Try to understand and
acknowledge impact. Denying the impact of something said by focusing on intent is often more
destructive than the initial interaction.
PRACTICE “BOTH / AND”: When speaking, substitute “and” for “but.” When used to connect two
phrases in a sentence, the word “but” essentially dismisses the first phrase altogether. Using
“and” acknowledges multiple realities and promotes inclusion.
REFRAIN FROM BLAMING OR SHAMING SELF & OTHERS: Practice giving skillful feedback.
MOVE UP / MOVE BACK: Encourage full participation by all present. Take note of who is speaking
and who is not. If you tend to speak often, consider “moving back” and vice versa.
PRACTICE MINDFUL LISTENING: Try to avoid planning what you’ll say as you listen to others. Be
willing to be surprised, to learn something new. Listen with your whole self.
RIGHT TO PASS: You can say “I pass” if you don’t wish to speak.
AVOID JARGON: Try to avoid using jargon and/or acronyms.
IT’S OK TO DISAGREE: Not everyone will be in agreement all of the time, and that’s ok!

Adapted from Visions, Inc. Guidelines for Productive Work Sessions found at:
https://www.emergingsf.org/wp-content/uploads/2017/08/EBMC_AgreemntsMulticulturalInteractions15.09.13-co
py.pdf.

RMP Special Study Proposal: Napa River and Sonoma Creek
Watershed sediment loads
Summary:

Local watershed sediment supply is critical for supporting many of the Bay’s
beneficial uses including maintaining tidal marshes to provide critical habitat and
coastal protection against sea level rise (SLR) and supporting sand extraction for
commercial uses such as cement production. Sediment supply also influences
water column turbidity, which directly relates to water clarity and primary
productivity. But is sediment supply to our Bay sufficient to support these demands
and processes? Estimates of sediment supply for specific watersheds and at the
regional scale have been completed using both algebraic and modeling methods.
Napa River and Sonoma Creek watersheds together are thought to provide in
excess of 15% of the local watershed supply to the Bay, but sediment supply data
from both watersheds were last collected in the 1960s and 70s when land use and
climate were quite different. This project will address this key sediment data gap
by funding the USGS to provide a single wet season record of suspended and bed
load sediment for Napa River and Sonoma Creek that can be used to: 1) improve
the estimate of sediment supply to the Napa-Sonoma Baylands and the Bay; 2)
model predicted future sediment supply under a changing climate; and 3) analyze
marsh elevation sustainability under various watershed and Bay connection
scenarios. As always with watershed monitoring in the Bay Area, should WY 2023
be very dry, subsequent years of monitoring may be required. This project is in
alignment with recommendations documented in the SedWG sediment monitoring
and modeling strategy (SMMS), and the forthcoming SEP-funded conceptual
model development project.

Estimated Cost: $138,350
Time sensitive: No
Oversight Group: Sediment Workgroup
Proposed by: Lester McKee and Tan Zi (SFEI)

Proposed Deliverables and Timeline
Deliverable

Due Date

Field equipment purchase and installation

Autumn 2022

Wet season storm monitoring and equipment servicing

Summer 2023

Laboratory analysis

Summer 2023

Quality Assurance, data interpretation and USGS publication (NWIS)

Winter 2024

Results presentation to the RMP SedWG with recommendations

Spring 2024
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Project Background and Overview
Sediment is a basic building block of Bay geography and habitats, acting as the physical
foundation for: tidal marshes, which must vertically accrete to keep pace with sea level rise
(SLR) to continue functioning as natural filters for nutrients and pollutants; controlling primary
productivity through light attenuation in the water column; and for providing substrate for the
plants and animals that live in the Bay. In addition, about 1 million cubic yards of sand and
gravel-sized sediment is mined from the Bay annually for use as building aggregates, and about
3 million cubic yards of predominantly fine sediment is dredged annually to maintain navigation
routes. The physics of Bay sediment dynamics have been studied, monitored, and modeled for
decades (e.g., the compilations of Conomos, 1979; Hollibaugh, 1996; Barnard et al., 2013a,b).
Sediment supply at the regional and subregional scales is also quite well understood McKee et
al., 2013; Zi et al., 2022). In addition, a recent regional scale study also made watershed
sediment supply projections based on downscaled climate modeling and local watershed
sediment load rating curves through 2100 (Dusterhoff et al., 2021).
Presently, on a regional basis, in excess of 1.2 million metric tonnes (Mt) or about 0.94 million
cubic yards (MCY) of sediment is supplied to the Bay on average each year from small
tributaries draining the nine counties that ring the Bay. A further 0.8 Mt (0.63 MCY) of sediment
comes into the Bay via the larger rivers that drain the Central Valley of California (McKee et al.,
2013; Schoellhamer et al., 2018). Less than 25% of this sediment is sand and gravel
(Schoellhamer et al., 2018; Zi et al., 2022). The largest loads occur during wet years when runoff
is highest, but the timing of inputs varies between Central Valley, North Bay, and South Bay due
to differing climate and runoff processes in each sub-region (McKee et al., 2013; Schoellhamer
et al., 2018). Based on the averaging period of 1995-2016 (22 years), Alameda Creek, Walnut
Creek, Napa River, and Sonoma Creek together amount to 39% of the local watershed annual
average load and Napa River and Sonoma Creek alone account for 22% of the load
(Schoellhamer et al., 2018). The magnitude, timing, and spatial distribution of these estimates
have recently been refined using the newly developed RMP watershed dynamic model (WDM)
(Zi et al., 2022). They found that the four watersheds together amount to 28% of the local
watershed average load and that Napa River and Sonoma Creek alone account for 15% of the
load based on the same averaging period (1995-2016).
As discussed in the Sediment Workgroup Sediment Monitoring and Modeling Strategy (McKee et
al., 2020), recent post-2000 monitoring data to support these load estimates are excellent for
Alameda Creek but data collected for Sonoma and Walnut Creeks in the 1960s and in Napa
River in the 1960s and 70s are unlikely to reflect today's land use and climatic regime (McKee et
al., 2020). In addition, these are well outside the WDM calibration period (WY 1995-2020) (Zi et
al., 2022). Using SEP funding, there has now been a small amount of data collected recently in
Napa during WY 2018 (https://waterdata.usgs.gov/nwis). In addition, SEP funding supported
monitoring at Walnut Creek for WY 2022. Unfortunately, flow during these years has been
relatively low due to ongoing drought conditions. Napa River flow peaked at 4,580 cfs in WY
2018, the 13th driest year since records began in 1960. In contrast, WY 2019 was the 12th
wettest year. In Walnut Creek, based on the San Ramon Creek gauge (11182500) near San
Ramon, a tributary in the upper watershed, WY 2020 and 2021 were the driest years since
records began in 1952 (69 years). In contrast, WYs 2017 and 2019 were the 12th and 24th
wettest years on record for the San Ramon gauge. Gauging is ongoing there in 2022 but so far
WY 2022 has also been below average. Given the magnitude of estimated sediment supply, the
lack of recent data during wet years and larger storms, and the need for data to support the
WDM which requires geographic representation to cover the combined effects of microclimates
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and differing geological terrains, the recommendations of McKee et al. (2020) remain valid. They
suggested adding SSC and load monitoring to the following sites:
●
●
●
●

Sonoma Creek,
Napa River,
Walnut Creek, and
San Francisquito Creek

Given the importance of coarse sediment in the Bay for sea-level rise defense, maintaining
beaches, and for sand resource extraction (mining), McKee et al. (2020) also recommended
monitoring for bed load where possible at these sites. Adding to these recommendations, both
Dusterhoff et al. (2021) and Zi et al. (2022) commented on the need for further model
development to make better predictions of future sediment supply. In particular, Dusterhoff et al.
(2021) concluded that watershed supply could not meet sediment needs at existing marshes in
relation to rising sea level and marsh restoration expectations (additional future marsh area).
Although this seminal analysis vastly improved knowledge, weaknesses included the use of
static rating curves that were not dynamically coupled with the downscaled climate predictions
and no consideration for landscape evolution (land use and vegetations changes), weaknesses
that can now be addressed by the WDM if suitable calibration data are available (Zi et al., 2022).
So in summary, we do not have enough useful data for calibrating and verifying the upper ends
of our sediment rating curves (larger storms and wetter year responses) yet these are known to
change the character of sediment erosion and supply in Bay Area watersheds (e.g. East et al.,
2018). These data are of very high priority for improving our estimates of sediment supply to the
Napa-Sonoma Bayland directly, calibrating and validating the WDM, and using that model to its
full potential for estimating contemporary (2000-2025) spatial and temporal trends in flow,
sediment, and contaminant loads, and predicting future (2025-2100) flow and loads using
downscaled regional climate model outputs and population, land use, and vegetation cover
predictions.
This project will address these high priority needs by providing funding to monitor SSC and
bedload in Napa River and Sonoma Creek. The outcome will be a suspended and bed load
sediment transport record for WY 2023 made available via the USGS NWIS web-based
visualization and data download tool.

Study Objectives and Applicable RMP Management Questions
The proposed study will provide information essential for understanding direct watershed
sediment supply to the Napa-Sonoma Baylands from the two largest single local tributary
watershed inputs and to support a myriad of modeling needs for understanding the sediment
dynamics of the Bay. The study would answer the key management questions as outlined in
the planning documents of the RMP Sediment Workgroup, Wetland RMP, and BCDC shown
in Table 1.
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Table 1. Study objectives relevant to the Sediment Workgroup, Wetland RMP, and BCDC
management questions.

Stakeholder
group

Management Question

RMP

3) What are the sources,
sinks, pathways, and
loadings of sediment and
sediment-bound
contaminants to and within
the Bay and
sub-embayments?

Study
Objective

Example Information
Application

Use the dataset to
support a much improved
calibration of the
Regional Watershed
Model (WDM) for these two large
and very important watersheds.

BCDC

W2 - What do we estimate to
be the change in sediment
supply/erosion of our
watersheds into the future?
Generate
suspended

RMP

4) How much sediment is
passively reaching tidal
marshes and restoration
projects and how could the
amounts be increased by
management actions?

WRMP

2B - What are the regional
differences in the sources and
amounts of sediment
available to support the
accretion and tidal marshes
and adjacent habitats?

sediment flux
dataset for the
2022/23 wet
season for Napa
River and Sonoma
Creek, perform
quality assurance
checks on the
data, compute the
daily load record,
and make that and
the instantaneous
data freely
available to the
RMP and Bay
community via the
web.

The data set can be coupled with
data from the 1960s and 70s to
support a trend analysis for Napa
and Sonoma. The calibrated WDM
will be used in the future for
estimating future sediment supplies
to the Bay using these data and
downscaled climate model data.
Data are directly applicable for
determining the ratio of Bay versus
watershed supply to the
Napa-Sonoma Baylands.

These data will support the
improved calibration of the WDM
and could be used to estimate
sediment supply to all the marshes
around the Bay.
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WRMP

4A - Where/when can
interventions, such as
placement of dredged
material, reconnection to
watershed sediment supplies,
and construction of living
shorelines, help sustain or

Data would be directly applicable to
explore marsh elevation
sustainability through an improved
connection between the Napa and
Sonoma watersheds and the
Napa-Sonoma Baylands.

increase tidal marshes + flats?

Approach
Task 1: Wet season monitoring
Sample locations
The USGS has been monitoring flow in Napa River (USGS 11458000) since 1929 and Sonoma
Creek (11458500) since 1955 (Figure 1). The gauging stations are well established and the
current field staff know them well. The watershed area upstream from the Napa River gauge is
218 square miles and flows at this location can peak at over 37,000 cfs. The area of Sonoma
Creek upstream of the gauge is 58.4 square miles and flows there can peak at over 20,000
cfsThe Sonoma Creek watershed produces more flow per unit area than Napa, likely a primary
reason for similar sediment loads and larger (nearly double) estimated sediment yields for
Sonoma (McKee et al., 2013).

Figure 1. Proposed sampling locations in Napa River and Sonoma Creek.
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Sampling procedure
Sampling on the Napa River would be done by the USGS and occur from the cableway installed
just upstream of the old stone bridge that crosses the Napa River at Oaknoll Avenue. Samples
from Sonoma Creek would be taken at the upstream side of the bridge at West Agua Caliente
Road. At each site, an OBS 500a (or similar) would be installed near the thalweg of flow to
record 15 minute interval measurements of turbidity. Following USGS protocols (Edwards and
Glysson, 1999), trained USGS staff would deploy a D-74 type depth integrating sampler to
collect water samples and a Halley-Smith type sampler to collect bedload samples. To ensure
the samples are representative, the equal-width-increment (EWI) sampling style would be used
during rising, peak and falling stages of selected larger storms and during wet season base flow
conditions following USGS protocols (Edwards and Glysson, 1999).
Laboratory analysis and quality assurance
All samples will be analyzed for SSC following method ASTM D3977 and sand-silt split grain
size (GS) following the USGS GS method. Selected samples would also be analyzed for a full
grain size distribution. Bedload samples would also be analyzed using standard USGS
procedures for mass in each of a number of grain size increments from very fine sand to gravel,
capturing the upper end of the size range but within the limits of the Halley-Smith type sampler.
Data would be quality checked following the published USGS quality assurance procedures
(Edwards and Glysson, 1999).
Data interpretation and reporting
Data would be used to generate a partial year (October 1st to April 30th) seasonal sediment
daily record for WY 2023. The record would include instantaneous measurements of SSC and
loads, bedload fluxes, and particle size distributions. In addition, the data would be worked up
using GCLAS software (Koltun et al., 2006) to compute the daily average SSC, daily, monthly,
and seasonal SSC, bedload, and total load (in US t/day). This data would be reported through
the USGS NWIS tool (https://waterdata.usgs.gov/nwis). There will be no separate technical
report written by RMP staff; all reporting will be done by USGS, but RMP staff will present the
results at the Sediment Workgroup meeting and discuss any trends in the rating curves or the
need for subsequent years of monitoring.
Project management and progress reports to the RMP
Project management would include the following:
a) Writing and managing a subcontract with the USGS
b) Helping to troubleshoot and resolve the challenges that often occur in this kind of field
program at each of the sites
c) Quarterly progress reporting to the TRC and SC
d) A presentation to the SedWG in spring 2024

Budget and justification
The budget is based on recent experience with the Watershed Hydrology and Sediment
Monitoring (WHSM) SEP project (slated to be finished later this year) and a quote for work from
the USGS. If WY 2023 ends up being very dry, or there are equipment failures, there could be
6

the opportunity to negotiate with USGS to drop the sampling midway through the winter and
hold funds over for a subsequent partial year of monitoring. However, a more likely scenario
would be to request further RMP funds to continue the monitoring in WY 2024. In general, Bay
Area watershed monitoring for sediment transport is a 2-4 year commitment. This proposal and
the budget below is for the first year only.
Task

SFEI labor
hours

SFEI labor
cost

USGS cost

Total
cost

8

$1,500

$128,450

$129,950

Project management and reporting

60

$8,400

Total

48

$9,900

USGS subcontract development

$8,400
$128,450

$138,350
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RMP Special Study Proposal: Spatial and Temporal
Variations in Suspended Sediment Flux, Benicia, CA
Summary:

Benicia Bridge sits at the eastern end of the Carquinez Strait, which
separates Suisun and San Pablo bays within the San Francisco
Estuary. Suspended sediment flux at this location is a critical
component of the San Francisco Bay sediment budget, and is related
to sediment delivery to key habitats, light attenuation, contaminant
transport, and bathymetric change. The U.S. Geological Survey has
measured water quality at Benicia Bridge – near Benicia, CA – since
1997, at two depths in the water column. Real-time turbidity data
acquired every 15-minutes at the site has been combined with
suspended sediment samples to develop a suspended-sediment
concentration (SSC) time series for more than two decades. These
time series, however, are estimates of suspended-sediment
concentration at two fixed points within a large cross-section. The
sediment flux, integrated over the entire cross-section, is typically of
greater interest for understanding the Bay sediment budget. This
project is focused on developing and testing a method for computing
sediment flux from measured turbidity and estimated discharge at the
site. The project relies primarily on: 1) a small number of archived
acoustic Doppler velocity profile transects at the site; and 2) new,
similar observations of this cross-section, designed to expand the
observed range of conditions. This dataset will be used to: 1) develop
a relationship between cross-sectionally averaged SSC and point
estimates of SSC; 2) investigate the vertical distribution of SSC and its
dependence on tidal stage and discharge; and 3) develop a
relationship between discharge, point values of SSC, and
cross-sectionally integrated sediment flux. The project will serve as a
proof-of-concept test for a methodology that would involve the use of a
numerical model and/or autonomous in situ velocity measurements
coupled with point SSC estimates to estimate instantaneous,
cross-sectionally integrated values of discharge of water and sediment.
Further integration in time can reveal contributions to the sediment
budget and the relative importance of storm events.

Estimated Cost: $40,000 for Year 1 (CY2023)
$60,000 for Year 2 (CY2024)
Total project cost: $100,000 (details are provided below)
Oversight Group: RMP Sediment Workgroup
Proposed by:

David Hart, Dan Whealdon-Haught, Paul Work, USGS Sacramento
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Proposed Deliverables and Timeline
Deliverable

Due Date

Data release including all new project data not already released in
USGS NWIS system

December 2024

Draft report summarizing project results. Note that this is for internal
review purposes only and cannot be made publicly available.

December 2024

Presentation to the RMP Sediment Workgroup

May 2025

Final report that has been submitted for peer review in the form of a
journal paper or USGS series report

December 2025

Background
Sediment budgets are often evaluated for management and research purposes to
investigate the reasons for past bathymetric change, anticipate likely future changes,
including short-term changes occurring between bathymetric surveys; as well as aiding
the investigation of potential impacts from climate change or water-management
decisions. Observed bathymetric changes can reveal gradients in sediment transport
that arise due to unbalanced inflows and outflows (Jaffe and Foxgrover, 2006, Fregoso
et al. 2008), whereas sediment budgets are typically evaluated based on quantification
of the magnitude and direction of sediment fluxes at the boundaries of a region of
interest. Many previous efforts have been made to evaluate sediment budgets for
estuaries, including San Francisco Bay (Bay) and its subembayments (e.g. Hobbs et al.
1992, Shellenbarger et al. 2013). A recent effort (Schoellhamer et al. 2018) addressed
both bed load and suspended load for the Bay and emphasized both the large changes
in sediment delivery that have occurred as a result of 19th-century hydraulic gold mining
within the Central Valley watershed, and the gradual shift in the relative magnitudes of
sediment delivered to San Francisco Bay from the Sacramento-San Joaquin River Delta
vs. that delivered by smaller tributaries connected to the Bay.
With support from the U.S. Army Corps of Engineers, California’s Department of Water
Resources, the U.S. Bureau of Reclamation, the San Francisco Bay Regional Monitoring
Program (RMP), and other parties; the U.S. Geological Survey (USGS) has maintained
real-time stations throughout the San Francisco estuary that report water temperature,
specific conductivity, turbidity, suspended-sediment concentration (SSC), and other
water quality parameters every fifteen minutes at fixed locations. Many of the Delta
stations feature water discharge measurements, derived from horizontal acoustic
Doppler current profiler observations (Ruhl and Simpson 2005, Levesque and Oberg
2012). The stations within the footprint of the Bay — defined here as the region of the
estuary seaward of the Sacramento and San Joaquin River confluence — however, do
not feature water velocity or discharge (Einhell et al. 2021). This project involves an
investigation of how best to determine, on a routine basis, the fluxes of suspended
sediment and water past the Benicia Bridge (USGS site # 11455780) on the eastern end
of the Carquinez Strait, between Suisun Bay and San Pablo Bay (Figure 1). The flux of
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suspended sediment through the Carquinez Strait is thought to be a critical component
of the sediment budget for San Francisco Bay.
Standard practice (and USGS practice) for estimating fluxes of suspended sediment in
rivers is to spatially integrate the product of suspended sediment concentration and
velocity. But only a very limited amount of velocity data is currently available at or near
Benicia Bridge, and suspended sediment concentration is routinely estimated at only two
points in the cross-section. Ganju and Schoellhamer (2006) deployed two
bottom-mounted acoustic Doppler current profilers (ADCPs) near the bridge in 2004 and
recovered several months of data from one of them. This dataset was made available in
3

2021 via a Sciencebase data release (Palm et al. 2021). Another recent data release
(Hart et al. 2021) includes several transects from 2019 involving a downward-looking
ADCP deployed from a roving boat. These datasets will be utilized in this project and
augmented with new data from a downward-looking ADCP intended to yield a dataset
spanning a larger range of conditions, in terms of both SSC and mean discharge
magnitude.
The USGS has established widely used procedures for collecting field samples of SSC
(Edwards and Glysson 1999) and computing SSC time-series from turbidity observations
(Rasmussen et al. 2009). Acoustic proxies for estimation of suspended-sediment
concentrations are becoming more widely used (Landers et al., 2016; Wall et al., 2006).
Two recent studies conducted by members of the project team made use of
downward-looking ADCPs to simultaneously measure velocity and acoustic backscatter
(which was then converted to suspended sediment concentration) beneath a roving
vessel, integrating the product of the two quantities spatially to compute
near-instantaneous estimates of suspended sediment flux (Work et al. 2020,
Downing-Kunz et al. 2021). Downing-Kunz et al. (2021) focused on fluxes through the
Golden Gate and revealed complex patterns in both velocity and suspended sediment,
confirming the importance of accounting for spatial variations in both quantities. Work et
al. (2020) focused on net flux of sediment through closed transects around patches of
invasive vegetation in the San Joaquin Delta, to reveal the impact of sediment trapping
on the local sediment budget.
The new project proposed here involves augmenting the existing point-estimate SSC
data at Benicia Bridge, which are based on optical turbidity sensors deployed at two
points along one vertical, with data acquired with acoustic sensors to obtain nearly
instantaneous snapshots of SSC across the entire channel cross-section. The acoustic
data will also reveal velocity within the cross-section with O(1 m) resolution. These
datasets will be combined to reveal better estimates of sediment flux than are possible
using only point sensors of turbidity and estimated discharge.
The authors are currently working on a report funded by the RMP that describes
previous efforts to describe sediment flux at the Benicia Bridge. It also includes a new
interpretation of the velocity data acquired by Ganju and Schoellhamer (2006), an
extension of their model for sediment flux through water year (WY) 2018, and an
application of an approach applied by Livsey et al. (2020a,b) to resolve vertical
variations in SSC when computing sediment fluxes. This work represents steps toward
the goal of improving estimates of sediment flux but as always was hampered by dataset
limitations. Simply put, attempting to estimate sediment flux through a large, tidally
forced channel, near complicated bathymetry, using only two point-measurements of
SSC and without any velocity measurements is challenging. This new project we
propose will rely more heavily on velocity data, accounting for cross-channel variability.

Study Objectives and Applicable RMP Management Questions
This study is focused on improving sediment flux estimates at Benicia Bridge, located at
the eastern extent of the Carquinez Strait, which connects Suisun Bay and San Pablo
Bay and is an important sediment pathway for calculating the sediment budget for the
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San Francisco Bay. Currently, SSC is currently measured at four points within Carquinez
Strait: two at Benicia Bridge (#11455780), and two at Carquinez Bridge (#11455820). At
each of these sites, two sensors are deployed at the same geographic coordinate but at
different depths. No velocity data are acquired at either site, so a focus of this project is
investigating the cross-sectional variation in both SSC and velocity at Benicia Bridge to
yield better estimates of sediment flux.
Table 1. Study objectives and questions relevant to RMP management questions.
Management Question
Study Objective
Example Information Application
MQ1: What are acceptable
levels of chemicals in
sediment for placement in the
Bay, baylands, or restoration
projects?
MQ2: Are there effects on fish,
benthic species, and
submerged habitats from
dredging or placement of
dredged material sediment?
MQ3: What are the sources,
sinks, pathways, and loadings
of sediment and
sediment-bound contaminants
to and within the Bay and
subembayments?

Quantify flux of
suspended-sediment
between Suisun and San
Pablo Bays at event- and
long-term time scales.
Develop and test
methodology for making
real-time estimates of
sediment flux at Benicia
based on point
measurements of turbidity
combined with estimated
discharge.

MQ4: How much sediment is
passively reaching tidal
marshes and restoration
projects and how could the
amounts be increased by
management actions?
MQ5: What are the
concentrations of suspended
sediment in the Estuary and
its segments?

Extend current point
measurements of
suspended-sediment
concentration to
cross-sectional estimates.
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1) How is the inflow of
suspended sediment to San
Pablo Bay changing?
2) How much of the sediment
delivery comes from California’s
Delta relative to other sources?

Improve estimates of sediment
flux in both measurement and
modeling efforts.

Approach
The instantaneous flux of suspended sediment through a channel cross-section can be
computed as:
𝑄𝑠 = ∫ 𝑢𝑐𝑑𝐴

(1)

𝐴

Where 𝑄𝑠 is the sediment flux (mass per unit time), u is the local velocity within the
channel cross-section (length per unit time), normal to the transect, c is the local
suspended sediment concentration (mass per unit volume), and A the cross-sectional
area. For a channel where the velocity and suspended-sediment concentration vary
negligibly across the cross-section, one can simply compute the sediment flux as the
product of the average concentration times the discharge (product of velocity and area),
or 𝑄𝑠 = 𝑢𝑐𝐴. In a wide, tidally forced channel, this will rarely be a valid assumption, and
the available data at the Benicia Bridge site reveals that it is necessary to account for
spatial variations in both quantities (Figure 2).

Figure 2. Suspended-sediment concentration (SSC) distribution across a transect near the
Benicia bridge measured at two different times on the same day. An acoustic Doppler current
profiler was used to measure velocity across the transect, and the resulting acoustic backscatter
observations were converted empirically to SSC using the method described in Work et al.
(2020). Color scale indicates estimated value of SSC.

To estimate suspended-sediment concentration from acoustic backscatter reported by an
ADCP, it is necessary to collect bottle samples from different distances above the bottom
within the water column and develop an empirical relationship between backscatter and
concentration (Landers et al. 2016; Figure 3). This relationship depends on sediment
characteristics and should be considered a site-specific calibration. This will be done at
the Benicia Bridge to allow observed backscatter profiles to be converted to SSC
6

profiles. Coupled with the velocity data simultaneously reported by the ADCP,
instantaneous sediment flux can be computed at the site, from each measured transect.
This general approach was successfully implemented recently by Work et al. (2020) and
Downing-Kunz et al. (2021), as noted above (with the latter paper being funded by the
RMP).

Figure 3. Acoustic backscatter to suspended-sediment concentration model created for the
Golden Gate (Downing-Kunz et al., 2021). The proposed project will generate a similar model for
Benicia Bridge which will translate acoustic backscatter from boat-based transects to sediment
concentration estimates.

When full transect data are available, it is at least conceptually simple to compute the
instantaneous total flux of suspended sediment through the channel cross-section.
Determination of total fluxes of water and sediment from more limited amounts of
information is more challenging. USGS standard practice for estimating discharge in
tidally forced channels involves measuring an “index velocity” at a point within a channel
that is a good proxy for total discharge (Ruhl and Simpson 2005). The coefficient
required to convert the index velocity to the cross-sectional average velocity is
determined empirically. Mean velocity is multiplied by cross-sectional area to compute
total discharge. This method works well when flow is unidirectional within the channel,
without extreme variability in velocity magnitude across the cross-section.
A more sophisticated indexing approach will be tested in this project, using the boat
transect data. The channel will be horizontally and vertically into regions, and velocities
measured in other regions tested as proxies for mean velocity within a region –
essentially treating each region as a separate stream. Discharge in each “stream” will be
computed as product of mean velocity and area of that “stream’s” representative region.
This investigation will reveal how finely the channel must be subdivided to adequately
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represent total discharge, and whether velocities measured in one region can
adequately represent those in another. This will also reveal the feasibility of deploying a
side-looking ADCP at the site to facilitate discharge measurements. This approach is
described further below.
A similar analysis using the acoustic backscatter data resulting from the transects will
reveal the feasibility of using a side-looking ADCP to quantify sediment flux through the
channel cross-section, or whether the two points where optical turbidity sensors currently
are used for estimates of point values of SSC should be augmented or relocated. An
additional question that might be found worthy of a future investigation is whether a
coupled strategy that includes numerically modeled discharge combined with in situ
measurements of SSC and possibly also velocity or a partial velocity profile would be
preferred.

Data Collection
The project will include collection of both boat-based ADCP transect data and discrete
SSC sample data from Benicia Bridge on 6 days over the course of the first project year
and collected in varying conditions. If feasible, the transects will be collected during both
storm and nominal conditions. Each collection day will consist of a minimum of 10
ADCP transects and 6 point-integrated SSC samples spanned over flood, ebb, and slack
tide (~6.2 hours). SSC samples will be taken using a P-61 point-integrating
suspended-sediment sampler at differing depths and locations based on acoustic
backscatter (ABS) observed in transects, and will be targeting a wide range of ABS
values to generate a robust model fit. Collection methods will be done following USGS
guidelines TM 3-A22 (Mueller et al., 2013) and TWRI 3-C2 (Edwards and Glysson,
1999).
SSC samples will be analyzed at the Sediment Laboratory Suite and the Carbon
Analysis Laboratory at the USGS Pacific Coastal and Marine Science Center in Santa
Cruz, California following the procedures outlined in Guy (1969).

Analysis
The proposed project will result in an ABS to SSC empirical model for Benicia Bridge,
similar to the models described in Work et al. (2020) and Downing-Kunz et al. (2021),
coupled with velocity transect data to compute near-instantaneous estimates of
suspended sediment flux. The channel will be subdivided along the horizontal and
vertical axes into sections with similar flux patterns, then proxies for each subsection will
be determined. Relationships between estimated net discharge (e.g., DAYFLOW or
QWEST estimates) and parameters of the Benicia velocity distribution, including the
location of the centroid and the spatial standard deviation in the horizontal and vertical
directions will be investigated. Exact number of subdivisions for the channel and location
of proxies are not currently known and will be determined based on data collected in this
study. In the future, the velocity distribution could be determined based on numerical
modeling.
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The technology currently used at Benicia to derive estimates of point-SSC is optically
based. Moving to an acoustic approach in the future could reduce servicing requirements
substantially, along with costs, potentially allowing for a more robust data collection effort
without significantly more robust funding. But it also seems likely that more parameters
will need to be measured, such as velocity. If the indexing approach described above
works for suspended sediment concentrations, it might also be possible to use a similar
approach to that used for velocity, from an instrument that reports velocity over a limited
portion of the cross-section. Another alternative might be to rely on a numerical model to
define velocity variation across the channel, but this approach would likely still require a
local velocity measurement somewhere in the cross-section. NOAA collects velocity data
downstream of Benicia Bridge on the southern shore at a depth of 4.6 meters below
MLLW (https://tidesandcurrents.noaa.gov/ports/ports.html?id=s06010), and this data will
be investigated as a surrogate for velocity distribution or net discharge at Benicia Bridge.
Schedule
The project will rely on both new data, collected specifically for this project, previously
published data, and the real-time data that USGS collects continuously at the site. The
new data collection will be concluded in CY23, and it will be released as a Sciencebase
data release during CY24. USGS authors are required to make all data referenced in a
publication publicly available prior to report or paper publication; the planned data
release will fulfill this requirement.
CY24 will be devoted to data interpretation, the development and testing of the empirical
relationships described above, presenting the results, and writing an interpretive paper
or report.
Presentation of Results at Local Scientific Meeting
Results of this study will be presented at the State of the Estuary or Bay-Delta Science
Conference, or another suitable venue. Results will also be presented to the RMP
Sediment Workgroup.
Report and Data Release
The final report will be published as a peer-reviewed product, as either a journal paper or
a USGS series report. It is likely that the report will not be approved for publication by the
proposed project ending date of 12/31/24, but the submitted product will be provided to
the RMP Sediment Workgroup, TRC, and SC for review by that date.
A data release will be published through ScienceBase containing the ADCP transect
data and discrete SSC sample results with the appropriate metadata needed to utilize
the data. The data release will be published following the USGS guidelines outlined in
Survey Manual (SM) 502.4 - Fundamental Science Practices: Review, Approval, and
Release of Information Products. The release will be published by the proposed project
ending date of 12/31/24.
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Budget
The following budget represents estimated costs for this proposed study (Table 2).
Table 2. Proposed Budget.
Expense

Estimated
Cost

Year 1 Data Collection

$35,000

Year 1 Lab Fees

$5,000

Year 1 Overhead

$20,000

Year 1 Total

$60,000

Year 2 Data Release

$4,000

Year 2 Report

$23,000

Year 2 Overhead

$13,000

Year 2 Total

$40,000

Grand Total

$100,000

Budget Justification
Note that the budget numbers provided above are estimates and that some quantities
such as overhead are subject to change prior to contract signing.
Funding will be applied toward field data collection, including travel and vehicle and boat
operating expenses, and labor to complete the field work, data approval and release and
interpretation.
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Temporal variability in sediment delivery to a North and a Central San
Francisco Bay salt marsh: project expansion
Summary:

Salt marshes provide critical habitat as well as coastal protection. One of the key
sediment management questions for San Francisco Bay is whether available
sediment is sufficient for marshes to keep pace with sea-level rise. In 2022 the
RMP funded Jessie Lacy and Karen Thorne to investigate the relationships
between sediment accretion on marshes, suspended sediment concentration
(SSC) in nearby shallows, and SSC at long-term channel stations, as well as
temporal variability in these relationships, at the San Pablo Bay National Wildlife
Refuge and Corte Madera Marsh Ecological Reserve. That project includes nine
months of data collection; this proposal would extend all data collection at the two
marshes for an additional six months. The longer study duration will span a full
hydrologic year and capture a second spring-summer transition, following the
drought conditions of 2022. Two new components are also proposed: collection
of time-series of SSC at one marsh-top station at each site, and installation and
monitoring of marker-horizon plots. The project will produce data suitable for
testing numerical models of sediment transport between the Bay and marshes.
Results will be useful for prioritizing marsh restoration sites, assessing restoration
actions, and understanding mechanisms of sediment delivery to marshes.

.

Estimated Cost: $100,000
Oversight Group: RMP Technical Review Committee (TRC)
Proposed by: Jessie Lacy1 and Karen Thorne2
1
USGS Pacific Coastal and Marine Science Center, Santa Cruz CA 95060, jlacy@usgs.gov
2
USGS Western Ecological Research Center, Davis CA 95616, kthorne@usgs.gov

Proposed Deliverables and Timeline
Based on 15-month data collection: April 2022-July 2023
Deliverable

Due Date

Data release: Bay shallows and marsh-top SSC data (PCMSC)
Data release: deposition, accretion, and vegetation characteristics
(WERC)
Report (draft paper) investigating the relationships between SSC in the
shallows, SSC at long-term channel stations, and sediment
accretion on marshes
Final Presentation to RMP Sediment Workgroup
Presentation to Bay Delta Science or State of the Estuary Conference

1

December 2023
December 2023
April 2024
Spring 2024
2023 or 2024

Overview
The RMP funded a 2022 Special Study (Temporal variability in sediment delivery to a North and
a Central San Francisco Bay salt marsh, Lacy and Thorne, PIs) to investigate the relationship
between SSC in Bay shallows and mineral sediment deposition on an adjacent marsh at two
sites, and the relationships among SSC adjacent to the marsh, in subtidal shallows, and at
long-term channel monitoring stations. Results will inform whether SSC at such sites can be
used to predict marsh mineral accretion. Here we propose an expansion of that study, as
follows:
1) Extend the nine months of data collection funded by the 2022 Special Study (May
2022-January 2023) by an additional six months (February to July 2023), and include the
additional data in products, in order to:
a) Span a complete hydrologic year to address our research questions more fully. Previous
work indicates that marsh deposition and the relationship between ambient SSC and
deposition varies seasonally (see the 2022 Special Study proposal).
b) Capture two spring seasons, to investigate the influence of annual variability in Delta
outflow on marsh deposition. Water Year 2022 is a dry year and sediment supplied through
the Delta is expected to be below average. If Delta outflows are higher in 2023 than in 2022,
continued data collection will capture the contrast, providing valuable information for
assessing the relationship between Delta outflows and marsh deposition. If drought
continues into 2023, continued data collection will inform understanding of the impacts of
extended drought on marsh accretion and resilience to sea-level rise.
2) Add two new study components: collection of time series of SSC and water level at one
marsh-top station at each site, and installation of marker-horizon plots for measuring long-term
deposition and accretion. Data collection for these components will be initiated along with the
rest of the study in April or May 2022 (unfunded); this proposal requests funding to publish
those data and include them in our analysis and products.
Much of the text from the 2022 Special Study proposal is included in this proposal for reference.
The budget is for the newly-proposed work, and the text has been updated to reflect progress.
The products are those of the 2022 Special Study, with the proposed deliverable dates extended
to allow incorporation of the full 15-month data set.

Background
Salt marshes provide critical endangered species habitat as well as coastal protection for
communities. The combination of sea-level rise and declining sediment supply to San Francisco
Estuary in recent decades (Schoellhamer 2011) present the threat of marsh loss due to
drowning. In addition, lateral erosion of wave-exposed marsh edges, which can occur in
vertically accreting marshes, can be a significant cause of marsh loss (Leonardi et al. 2016).
One of the key sediment management questions for San Francisco Bay is whether available
sediment is sufficient for marshes to build elevation to keep pace with relative sea-level rise
(SLR), and to support planned marsh restoration goals. Sediment availability varies spatially,
and in a general sense depends on the magnitude of suspended sediment concentration (SSC)
in marsh-adjacent shallows. However, variation in processes that deliver sediment from Bay
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channels into the shallows and marshes, including tides, wave-driven resuspension, edge
erosion, and vegetative trapping, can influence marsh accretion. These processes vary spatially,
with proximity to sediment source (Delta or tributary), wave exposure, marsh type, and marsh
topography, and temporally, due to variation in physical forcing on spring-neap, storm event, and
seasonal time scales, as well as seasonal variation in vegetation (Lacy et al. 2018, Buffington et
al. 2020).
Elevation-based modeling of San Francisco Bay marshes predicts significant marsh loss by
2100, but the extent of predicted loss depends strongly on both the rate of SLR and the
magnitude of sediment supply (Takekawa et al. 2013, Schile et al. 2014, Swanson et al. 2014).
In these models, mineral sediment accretion is either directly related to ambient SSC, which is
treated as a constant, or is based on historic accretion. We propose data collection to test the
relationship between SSC and mineral sediment deposition, and to determine the best statistical
representation of ambient SSC for such a relationship. We will also investigate the relationships
between SSC adjacent to the marsh edge, SSC in subtidal shallows, and SSC at long-term
channel monitoring stations to determine whether such sites can be used to predict marsh
mineral accretion. We will investigate the influence of tides, waves, Delta outflows, weather, and
water levels on SSC adjacent to a marsh and sediment deposition in the marsh. We will also
investigate the influence of by vegetation type, elevation, and distance from sediment source on
sediment deposition in the marsh (Buffington et al. 2020). The data will be suitable for validation
of process-based models of sediment exchange between shallows and marshes. Here we
propose data collection at two sites. Analysis will include comparison with data collected at
Whale’s Tail marsh in South San Francisco Bay in 2021-22.

Study Questions and Applicable RMP Management Questions
The proposed work aims to address the following questions:
1. How is SSC in the subtidal shallows related to the closest long-term channel SSC
monitoring station?
2. How is SSC in the subtidal shallows related to marsh deposition?
3. How does mineral deposition on the marsh surface vary by a) distance from sediment
source, b) vegetation composition characteristics, and c) amount of time the marsh is
flooded (i.e. elevation relative to tidal datums)?
4. Are these relationships related to tides, wave energy, local watershed discharge, Delta
outflow, or seasons?
This project addresses San Francisco Bay Regional Monitoring Program (RMP) Sediment
Workgroup Management questions 4 and 5 (Table 1). It also informs the Flux on shoals and into
wetlands priority identified in the Sediment Workgroup’s Sediment Monitoring and Modeling
Strategy (McKee et al. 2020).
Table 1: RMP Sediment Workgroup management questions and associated study questions.
Management question
Study
Example information application
question
MQ4: How much sediment is
● Understanding sediment availability for
passively reaching tidal marshes 1, 2, 3, 4
restoration
and restoration projects, and
● Prioritizing restoration sites

3

how could the amounts be
increased by management
actions?
MQ5: What are the
concentrations of suspended
sediment in the Estuary and its
subembayments?

● Informing timing of management actions
such as sediment placement
● Understanding and predicting marsh
vulnerability to SLR
1

● Relating SSC near marsh edges to SSC at
long-term monitoring stations in deeper
water
● Provide data for model calibration

Approach
Task 1: Site selection (completed)
The work will take place at the two study sites for the 2022 Special Study, where data collection
is beginning in April and May of 2022.
Site A: San Pablo Bay (Figures 1 and 2)
The marsh site on the San Pablo Bay NWR is co-located with existing Surface Elevation
Table-Marker Horizon (SET-MH) locations (deployed in 2014) so that we can link short term
measurements with long-term accretion monitoring. This marsh has a low slope with a gradual
gradient of Spartina in the low intertidal zone to a pickleweed high marsh platform. It is
influenced by southerly wind and waves, tides, Delta discharge, and Petaluma River outflow.
Adjacent restoration projects include Sonoma Baylands and Sears Point Restoration. Karen
Thorne has an existing USFWS Special Use Permit for this site. Data previously collected by
USGS in San Pablo Bay shallows will inform the data analysis (MacVean and Lacy 2014, Lacy
and MacVean 2016, Allen et al. 2019, Lacy et al. 2020).

Figure 1. San Pablo Bay NWR marsh fringes San Pablo Bay and is influenced by the Petaluma River and Delta flows.
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Figure 2. San Pablo Bay NWR marshes have a gradual slope into San Pablo Bay

Site B: Central Bay (Figures 3 and 4)
Corte Madera Marsh is located in Marin County along Central Bay at the mouth of Corte Madera
Creek and is part of the Corte Madera Ecological Reserve, managed by California Department
of Fish and Wildlife. Historically this area was diked, and like many Bay marshes, was heavily
impacted by human activities (Carkin et al. 2020). Tidal inundation was restored in the 1970s
and 1980s. It has a scarped edge and lower marsh plain elevation than many other San
Francisco Bay marshes (Takekawa et al. 2013). Marsh vegetation is dominated by pickleweed,
with areas of fringing Spartina in channels. Wave exposure is less than at the San Pablo NWR
site but is nonetheless significant (Lacy and Hoover 2011). The marsh shoreline has retreated
0.48 to 0.72 m/year from 1992 to 2016 (Carkin et al. 2020). The distance from the marsh to the
Bay channel is about 1/3 that at the San Pablo NWR site, which could result in a stronger link
between channel SSC and marsh accretion.
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Figure 3. Corte Madera marsh is a low marsh elevation that is experiencing edge erosion.

Figure 4. Corte Madera marsh experiences a different wave and tidal climate which will impact marsh accretion.
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Task 2. Data collection
Overview
Data collection funded through the RMP Special Study for May 2022 to January 2023 (Tasks 2a,
2c, 2e) will be continued through July 2023, and analysis and products will incorporate data
from May 2022 to July 2023. Tasks 2b and 2d were not included in the 2022 Special Study
proposal and are new to this proposal. Data collection for these components will commence
along with the rest of the study in April or May 2022 (unfunded); we request support for
publishing and analyzing those data.
a. Data collection in the shallows
We will continue to collect time-series data at two shallows stations associated with each marsh
site: one in subtidal waters (approximately 1.0 m below MLLW), and a second in intertidal
shallows (approximately 0 m MLLW). The subtidal station is intended to mimic a long-term
shallows monitoring station, whereas the intertidal station will more directly capture sediment
concentrations transported on to the marsh. At both stations, we will measure water level, SSC,
and wave properties. At the subtidal station we will also measure tidal currents, salinity, and
temperature.
Data will be collected continuously at all stations over the study period. We will visit the stations
every 60 days to maintain equipment, change batteries, download data, and collect calibration
samples. During each site visit we will collect bed sediment samples adjacent to the stations
and analyze the surficial centimeter of sediment for bulk density, grain size distribution, and
organic matter, all of which can influence the erodibility of sediment.
At all shallows stations, we will collect turbidity data with optical backscatter sensors (OBS) and
convert the OBS data to SSC based on calibration relationships derived from SSC measured in
water samples collected in the study area. Calibration samples will be pumped from the
shallows before and after instrument deployment from an apparatus on which several OBS
sensors are mounted adjacent to the pumping port. Additional water samples for calibration will
be collected during site visits.
b. Marsh-top instrumentation (new to this proposal)
At each of the two study sites, we will measure SSC (with an OBS, as described in Task 2a) and
water level at one station on the marsh plain continuously (at a five-minute interval). The station
will be located close to one of the sediment deposition transects (Task 2c), approximately 30 m
landward of the bay-marsh interface. The SSC data will improve interpretation of the relationship
between SSC in the shallows and deposition on the marsh. The water level data will be used to
determine marsh inundation time.
c. Sediment pad sampling - marsh deposition and accretion measurements
In each marsh we will establish four transects extending landward from suspended-sediment
sources (tidal creek or the bay-marsh interface) for sediment deposition rate measurements for
the 2022 Special Study. Transects will be oriented perpendicular to the tidal creek or marsh
edge to evaluate the influence of distance from source on deposition. The 2022 Special Study
funded monthly collection of the sediment pads through January 2023. Here we propose to
extend the sediment pad measurements through July 2023.
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The four deposition transects will be stratified by elevation gradients and vegetation type (see
Buffington et al. 2020 for details). Transect length will vary from 30-50 m with 5-10 sediment
deposition sampling locations per transect depending on length. At each sampling location we
will deploy glass filter pads that collect mineral and organic matter deposited on the marsh
surface using ceramic tiles. Sediment pad samples will be analyzed in the lab for mineral mass
and organic matter. For all sampling locations, elevation and location will be measured with RTK
GPS and distance to the nearest marsh creek will be measured. Percent time flooded and depth
will be calculated for sampling locations from water level and elevation data.
To translate deposition into accretion rates we will collect small soil plugs adjacent to sediment
traps to analyze for bulk density and organic matter.
d. Marsh sediment deposition sampling using marker horizons (new to this proposal)
In each marsh we will establish four additional transects adjacent to the sediment pad transects
for sediment deposition measurements using feldspar as a marker horizon. Transects will be
oriented perpendicular to a tidal creek or the marsh edge to evaluate the influence of distance
from source and elevation on deposition. Feldspar is a natural white clay material that is evenly
applied to the marsh surface and is easily distinguishable from sediments. Feldspar plots will be
0.5 m x 0.5 m and co-located with sediment tile sampling locations. In lower intertidal areas,
where feldspar could be washed away (e.g., Spartina zone), we may need to deploy metal or
plastic grids. Measurement of marker horizon plots will be done monthly and will provide a
continuous dataset for sediment deposition. Measurements will be done by taking a shallow soil
plug and in soft sediments a cryogenic core using a cryo corer.
In addition, at the San Pablo Bay NWR existing Surface Elevation Tables and Marker Horizons
(SET-MH) (installed in 2014) will be read to compare total elevation change with sediment tile
deposition amounts. SETs (n = 4) provide total elevation change and incorporate below- and
above-ground processes. Marker Horizons (n = 12) are feldspar plots that were clustered with
the SETs and can provide a comparison between this short-term study and long-term trends.
e. Vegetation characterization
Foer the 2022 Special Study, we will conduct vegetation surveys to inventory dominant plant
species, density, and elevations to determine how vegetation affects sediment deposition. Along
transects we will use point intercept method on 1x1 m grid at each sediment pad location. We
will determine species, % cover, average height, and density by vertical strata. Results will be
used to estimate cross-sectional area and volume of the vegetation per unit area. Vegetation will
be surveyed during the growing season and again during winter senescence. No new work is
proposed for this task.
Task 3. Data processing and publication
Time-series data will be reviewed to remove low-quality data and converted to a non-proprietary
format (NetCDF) for publication. OBS data will be converted to SSC based on
instrument-specific calibration relationships from in-situ samples. Wave statistics will be
calculated from high-frequency bursts of pressure and velocity collected at the shallows stations
and bed shear stress due to currents and waves will be determined. From the
accretion/deposition data we will evaluate the influence of time, season, flooding and elevation,
distance from source, and vegetation type on accretion across the marsh surface.
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Results will connect SSC in the shallows and at long-term channel monitoring stations to
deposition and accretion rates across the marsh surface by elevation and vegetation type.
The data from the 2022 Special Study and the work proposed here will be published as USGS
data releases, one produced by WERC and one by PCMSC, within six months after data
collection is completed.
Task 4. Presentation of results
Results of the study will be presented to the RMP Sediment Workgroup and either the Bay-Delta
Science Conference or the State of the Estuary Conference. We will also keep the RMP
Sediment Workgroup and Wetland RMP Technical Advisory Committee informed of progress.
Task 5. Data analysis and report
With results from these two sites and Whale’s Tail South, we will investigate the relationships
between SSC at channel stations, SSC in the shallows, and marsh accretion. We will investigate
time lags in these relationships as well as seasonal variation in them. If supportable, we will
develop predictive relationships for marsh accretion from SSC.
Previous work suggests that the relationship between SSC and deposition varies seasonally
(Buffington et al. 2020, Lacy et al. 2020, Thorne et al. 2022), and that increases in deposition
may lag increases in sediment supply (Buffington et al. 2020). We will examine the Special
Study data sets for similar responses and investigate the extent to which such variations and
temporal lags can be explained by vegetation characteristics, wave climate, local watershed
discharge, and Delta outflow. Understanding the influence of these factors will help inform
modeling approaches for assessing sea-level rise and climate change scenarios. In the
Mediterranean climate of San Francisco Bay, annual hydrologic variation is a critical driver.
Fifteen months of data will allow examination of the full annual variation in vegetation
characteristics, hydrology, and wave conditions, and comparison between two spring-to-summer
transitions in different water years. A shorter data collection period would limit the ability to test
for lagged responses, in addition to excluding part of the annual cycle.
The final report will be a draft paper for submittal to a peer-reviewed journal, to be completed by
April 2024, incorporating results from both the 2022 Special Study and the work proposed here.
The paper will investigate the relationships between SSC at channel stations, SSC in the
shallows, and marsh accretion, and their seasonal variation.
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Budget
PCMSC
Task 1: Site selection
Task 2a: Data collection in
the shallows
Task 2b: Marsh-top
instrumentation
Task 2c: Sediment pad
sampling
Task 2d: Marsh sediment
deposition
Task 2e: Vegetation
characterization
Task 3: Data processing and
publication
Task 4: Presentation of
results
Task 5: Data analysis and
reporting
Subtotal
Indirect
Total

$

16,000

$

4,000

$

7,100

$

1,000

$

7,100

$
$
$

35,200
20,388
55,588

WERC

$

11,500

$

3,200

$

6,900

$

1,100

$

6,519

$
$
$

29,219
15,194
44,412

Grand total: $ 100,000
In-kind and leveraged contributions for the full project:
USGS PCMSC will provide in-kind all instrumentation for time series data collection (valued at
more than $100k), use of vessels, vehicles, and laboratories, and $45k in salary for Lacy and
technicians.
USGS WERC will provide in-kind all major field and lab equipment (boats, trucks, RTK GPS,
muffle furnace, balance), and $25K in salary for Thorne. WERC will also be leveraging existing
data ($60K, Thorne et al. 2019) and methodology ($30K, Buffington et al. 2020). WERC will
leverage 7 years of data from existing Surface Elevation Table-Marker Horizon (SET-MH)
sampling stations for San Pablo Bay NWR and over 7 years of continuous water level and
salinity data for San Pablo Bay NWR.

Reporting
Data will be published as USGS data releases within six months after data collection is
completed. The final report will be a draft paper for submittal to a peer-reviewed journal by
April 2024. The draft paper will be provided to the RMP Sediment Workgroup,
TRC, and
SC for review before submittal to the journal.
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RMP Special Study Proposal: Continuous Suspended Sediment
Concentration and Wave Monitoring in South and Lower South San
Francisco Bay - Year 2
Summary:

The South Bay Salt Pond Restoration Project funded the collection of
continuous suspended sediment (SSC) and wave monitoring in shallow
areas (shoals and sloughs) of South and Lower South San Francisco Bay
(SB and LSB, respectively) during 2022. This proposed project would
support continued data collection for a second year, which is needed to
develop a robust calibration between turbidity and SSC. Continuous SSC
data are essential to both empirical and model-based sediment studies
and until recently were only available at one SB/LSB station near the
Dumbarton Bridge. The SB/LSB shoals play an important but
understudied role in sediment dynamics, and these dynamics are strongly
influenced by wind waves. This project will continue to generate
continuous SSC time-series data at a the recently established SB station
directly offshore from the Eden Landing “Whale’s Tail” area along with
three existing turbidity stations (several of which have been collecting
turbidity data since 2015) in support of generating turbidity-to-SSC
relationships for SB/LSB. The existing turbidity stations are supported by
the Nutrient Management Strategy (NMS); parallel SSC sampling is also
underway at four stations in South Bay; turbidity-SSC calibration will be
developed for these stations as well. The proposed second year of the
project would include:
1) Ongoing collection and processing of SSC samples at four stations;
2) Development of site-specific turbidity-to-SSC relationships at eight
stations;
3) Curation and public sharing of resulting SSC time series from all eight
stations;
4) Curation and public sharing of wave height and period data from one
shoal station in South Bay.
By leveraging existing NMS instrumentation and field servicing, this
project would significantly expand available SSC data in SB and LSB at a
considerably lower cost than independently implementing additional
sediment monitoring stations.

Estimated Cost:

$52,000

Oversight Group:

Sediment Workgroup

Proposed by:

Melissa Foley and Lilia Mourier (SFEI)
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Proposed Deliverables and Timeline
Deliverable

Due Date

Publically available 15-minute SSC time series from eight
stations in South Bay and Lower South Bay

As calibrations come
online, beginning early
2024

Report detailing data collection, turbidity-to-SSC calibrations,
and limited, descriptive interpretation

Spring 2024

Project update presentation to the RMP Sediment Workgroup

Spring 2024

Publically available wave height and period data from one
station in South Bay

Beginning as data become
available, mid 2023.

Project Background and Overview
Suspended sediment dynamics are relevant to a diversity of San Francisco Bay (SFB) water
quality and morphological processes. Despite decades of studies pointing to the importance of
sediment dynamics to South Bay and Lower South Bay (SB and LSB, respectively) ecosystem
processes and water quality management, continuous suspended sediment concentration
(SSC) data are currently available at a single station, Dumbarton Bridge (DMB in Figure 1).
Calibrating models to simulate complex sediment dynamics requires knowledge of time-varying
SSC spanning morphological regions. Sediment-related empirical studies may directly rely on
continuous SSC measurements, leverage output from sediment transport models calibrated to
SSC measurements, and/or benefit from well-characterized background SSC conditions. The
expansion of continuous SSC monitoring is therefore essential to advancing SFB planning and
management related to a range of concerns, including contaminant transport, primary
productivity, biogeochemical/nutrient cycling, and sea-level-rise resilience. Historical
contaminant loading, a heavily urbanized bayfront, and severe nutrient enrichment make these
concerns particularly relevant in SB and LSB.
This project will continue to fill SSC data gaps cost-efficiently in SB and LSB by leveraging
existing sensor stations and servicing associated with the San Francisco Bay Nutrient
Management Strategy (NMS; Table 1 and Figure 1). The NMS currently supports nine
continuous monitoring sites throughout SB and LSB. We propose continuing to develop the
turbidity-SSC calibration at seven of these sites (listed in Table 1), along with the newly installed
Eden Landing station. We exclude the NMS Dumbarton station because the USGS California
Water Science Center (USGS-CAWSC) has developed a calibration for that station. The NMS
Pond A8 Outlet station is of less interest to the sediment community so is excluded from the
calibration.
The four South Bay NMS stations at and north of the San Mateo Bridge (HAY, SHL, SLM, SMB)
are serviced monthly as part of a collaboration with the USGS-CAWSC. Turbidity data collection
at SMB dates back to 2015; turbidity sensors were deployed at the other three sites in 2020.
Monthly SSC sampling began at all four stations in late 2020 and is ongoing. This project would
support turbidity-to-SSC calibrations at these four sites, and the public sharing of the resulting
SSC time series.
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The three existing project-relevant Lower South Bay stations (ALV, GUAD, NW) have been
deployed since 2015 and are serviced monthly as part of a collaboration between the NMS and
the USGS Pacific and Coastal Marine Facility (USGS-MarFac). This project would support SSC
sample collection, turbidity-to-SSC calibrations, and public data sharing of data from these three
sites.

Site

Program

Data Range

SSC
Sampling

Turbidityto-SSC
Calibration

Instrument
Orientation

Instrument(s)

Alviso Slough
(ALV)

SFEI/NMS

2015-present

Current

Ongoing

50 cm above
bottom

YSI EXO2

Guadalupe
Slough
(GUAD)

SFEI/NMS

2015-present

Current

Ongoing

50 cm above
bottom

YSI EXO2

Newark
Slough
(NEW)

SFEI/NMS

2015-present

Current

Ongoing

50 cm above
bottom

YSI EXO2

Hayward
(HAY)

SFEI/NMS

2020-present

Current

Ongoing

1 m above
bottom

YSI EXO2,
RBR SoloD

San Leandro
Marina (SLM)

SFEI/NMS

2020-present

Current

Ongoing

1.3 m above
bottom

YSI EXO2

Shoal Buoy
(SHL)

SFEI/NMS

2020-present

Current

Ongoing

80 cm below
surface

YSI EXO2

San Mateo
Bridge (SMB)

SFEI/NMS

2015-present

Current

Ongoing

10 m above
bottom

SeaBird
HydroCat

Dumbarton
Bridge (DMB)

USGS CAWSC

2010-present

Current

Existing

1.2, 7.6 m
above bottom

YSI EXO2

Eden
Landing
(EDL)

SFEI / NMS /
RMP

2022-present

Current

Ongoing

50 cm above
bottom

PME/Turner
Cyclops 7

Table 1 – Summary of existing and proposed turbidity-to-SSC calibrations at suspended sediment
monitoring stations in South and Lower South San Francisco Bay. All stations measure turbidity at a
15-minute time step; the SSC sampling interval is approximately monthly. Efforts supported by this
proposal are shaded in gray.

Two expansions to this network of stations were made in 2022 with funding from the South Bay
Salt Ponds Restoration Project (Table 1). A station was added in January 2022 directly offshore
from the Eden Landing “Whale’s Tail” area, the site of an ongoing RMP-funded study of
sediment accretion and erosion in intertidal marsh conducted by the USGS (PIs Jessie Lacy
and Karen Thorne). A single parameter turbidity sensor deployed at this station is serviced
during existing monthly NMS servicing trips. Additionally, a bursting pressure sensor that
measures wave height and period was deployed at the Hayward station (denoted as “RBR
SOLO” in Table 1). Initial data from a pilot study at HAY (Figure 2) and published studies (e.g.,
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May et al. 2003, Thompson et al. 2008) point to the importance of wind waves on sediment
dynamics on the shoal.
Note that this project relies on calibrating optical-sensor turbidity signals to SSC, and that a
minimum number of samples (dependent on the range of sampled conditions) is needed to
generate a reliable calibration (Rasmussen et al. 2009). Collecting sufficient samples for a
reliable calibration requires more than one year of sampling; thus, to make the most of the data
collected in the first year of the project, a second year of funding is needed.

Figure 1 – Map of existing turbidity sensors and SSC sampling as of 2021 and newly expanded turbidity
monitoring and SSC sampling as of 2022 in South Bay and Lower South Bay. Note that the USGS
Dumbarton Bridge Station (DMB) has an existing turbidity-to-SSC calibration; SSC concentrations are
reported from the turbidity sensor at

4

https://waterdata.usgs.gov/ca/nwis/inventory/?site_no=373015122071000. See Table 1 for site details
and abbreviation reference.

Figure 2 – Example turbidity and significant wave height data from the HAY station.

Study Objectives and Applicable RMP Management Questions
The study will provide information essential to understanding suspended sediment dynamics in
South Bay and Lower South Bay. Table 2 shows the objectives of the study and how the
information will inform RMP Sediment Workgroup management questions.
Table 2. Study objectives relevant to the Sediment Workgroup management questions.
Management Question

Study Objective

Example Information
Application

1) What are acceptable
levels of chemicals in
sediment for placement in
the Bay, baylands, or
restoration projects?
2) Are there effects on fish,
benthic species, and
submerged habitats from
5

dredging or placement of
sediment?
3) What are the sources,
sinks, pathways, and
loadings of sediment and
sediment-bound
contaminants to and within
the Bay and
subembayments?
4) How much sediment is
passively reaching tidal
marshes and restoration
projects and how could the
amounts be increased by
management actions?
5) What are the
concentrations of
suspended sediment in the
Estuary and its segments?

● Expand continuous
monitoring of
suspended sediment
concentrations in South
and Lower South San
Francisco Bay
● Expand continuous
monitoring of
suspended sediment
concentrations in South
and Lower South San
Francisco Bay
● Measure wave height
and period at one South
Bay shoal station
● Curate and publically
share SSC and wave
data with the San
Francisco Bay sediment
community

● Empirical studies of
marsh accretion/erosion
requiring knowledge of
SSC in the adjacent
water column.

● Calibration of any
sediment transport
models and associated
applications.
● Empirical studies of
marsh accretion/erosion
requiring knowledge of
SSC in the adjacent
water column.

Approach for 2023
Task 1 - Continue to maintain turbidity stations in South Bay and Lower South Bay (NMS
funded)
Eight turbidity stations will continue to be maintained monthly as part of NMS-funded station
servicing trips. During each servicing trip, 3-5 stations are “swapped” for instruments that have
been lab-cleaned and calibrated in the preceding week. The remaining stations are field
serviced, including thorough cleaning, calibration checks, and battery replacement.
Task 2 – Continue to maintain pressure sensors (Requested RMP funding)
The RBR SoloD wave sensor deployed at the Hayward shoal station in 2022 will continue to be
maintained during standard NMS station servicing trips. The pressure sensor is set to burst at
0-4 Hz for 1-3-minute intervals every 5 minutes. This sensor will continue to be cleaned during
monthly NMS station servicing. The pressure sensor is not “swapped” for lab servicing because
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pressure sensors are generally robust to fouling and are able to maintain consistent calibrations.
Data are offloaded from the sensor during each servicing trip.
Task 3 – Continue SSC sampling at all sites (Requested RMP funding for three stations)
SFEI field staff will continue to collect SSC samples at LSB sites (GUAD, NEW, EDN) as part of
monthly servicing trips. Samples will be collected at the approximate instrument elevation using
a Van Dorn sampler following standard USGS procedure. SSC sampling is conducted by the
USGS-CAWSC staff at SMB, SHL, HAY, and SLM stations during SB servicing trips. All SSC
samples will be processed at the USGS Santa Cruz Sediment Laboratory. Samples will also
undergo size fraction analysis to determine the fraction of sand versus fine sediment in
suspension.
Task 4 - General data processing and curation (NMS funded)
Turbidity data are processed through a four-level QA/QC procedure that includes statistical
filtering and manual review. NMS techniques for multi-level data processing will be used for the
wave data.
Task 5 – Generate site-specific turbidity-to-SSC calibrations (Requested RMP funding)
Site-specific turbidity-to-SSC calibrations will be developed based on sensor turbidity and SSC
sample data following Rasmussen et al. (2009). SSC samples will be collected at monthly
intervals. Sufficient variability in observed SSC will be needed to generate reliable calibrations.
We estimate that at least 24 SSC samples will be needed to generate a reliable calibration (two
full years of data).
Task 6 – Create and iteratively update a public repository with SSC time-series data
(Requested RMP funding)
As sample data become sufficient to generate reliable calibrations, we will develop a report
detailing site-specific calibrations. This report will be posted to a public repository. If additional
funds are allocated to SSC sampling in the future, the calibration will be regularly updated
(every 2-4 months) with SSC time series and shoal wave data.
Task 7 - Presentation and report to RMP Sediment Workgroup (Requested RMP funding)
We will prepare a brief report on the calibration results for the RMP Sediment Workgroup and
present the findings to the Workgroup in spring 2024 to evaluate the need for additional SSC
data.

Budget
This proposal “piggybacks” on existing NMS servicing trips and, accordingly, is a cost-efficient
approach to expanding SSC monitoring in South Bay and Lower South Bay. The budget tables
show costs for year 2 (Table 3) and the NMS cost-share for Tasks 1, 3, and 4 (Table 4).
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Table 3. Year 2 RMP budget
Task

SFEI Labor Hours

Cost

Tasks 2-3: Project coordination

50

$5,490

Tasks 2-3: Field sampling

80

$7,960

Tasks 5-7: Data management,
analysis, and reporting

130

$14,855
$1,360

Equipment & supplies
Contracts

$5,610
$8,310
$8,415

Task 3: USGS-Sacramento
Task 2-3: USGS-MarFac
Task 3: USGS-Sed Lab
Total Year 2:

$52,000

Table 4. NMS cost-share
Item

Total Cost

Note

$84,000

Includes boat, USGS personnel, SFEI personnel,
SSC sample collection and processing at five
stations

Servicing existing Lower South
Bay stations

$47,250

Includes boat, USGS personnel, SFEI personnel,
SSC sample collection and processing. The RMP
contribution is a two-hour extension of this existing
mobilization.

Project management for the eight
stations included in the project

$45,000

Overall project management costs for NMS moored
sensor program.

Technician field prep, lab time,
and data handling for eight
stations

$40,500

Field preparation, lab calibration, data processing
for all stations.

Existing instrumentation,
mounting frames, and field
equipment

$200,000

Estimate for 10 EXO2s plus additional pieces of
equipment.

Service existing “upper” South
Bay stations with USGS-CAWSC

Total

$416,750
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