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Delta RMP Technical Advisory Committee Meeting
Monday, April 23, 2018 1:00 – 5:00 pm
Sunset Maple Room, Regional San, 10060 Goethe Road, Sacramento, CA
Remote Access:
Phone number: (415) 594-5500 Access Code: 238-626-034#
Online: https://join.me/sfei-conf-cw2/

Agenda
#

Agenda Item and Desired Outcomes

1

Introductions and Agenda
Review and agree on agenda and desired outcomes.
Introduce facilitator and explain role.

1:00
Stephen McCord
Gita Kapahi

2

Decision: Approve TAC Meeting Summary for March 15,
2018 meeting and confirm future TAC meeting dates

1:10
Stephen McCord

Upcoming Scheduled Meetings:
● SC May 11, 2018 at CV Water Board
● TAC Jun 12, 2018 at Regional San
● SC July Meeting, date TBD
● TAC Sept 12, 2018 at Regional San
Desired outcome:
● Approve TAC meeting summary
● Confirm future TAC/SC meeting dates

Attachments

Draft TAC Meeting
Summary from March
15, 2018

Start & Lead
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Decision: Recommend contractor for Pesticides Interpretive
Report

3

We received several strong proposals for the Pesticide
Interpretive Report. The Pesticides Subcommittee has
reviewed the proposals and will share pros/cons of the top
two choices for the TAC to recommend to the SC at its May
meeting.
Desired Outcome:
• Recommend first/second choice for a contractor to
the Steering Committee.

4

Decision: Monitoring proposals for FY 2018-19
TAC members have had the opportunity to rank and provide
feedback on proposed monitoring and special projects for
nutrients and mercury. Today we will discuss and review those
rankings and comments with a view toward finalizing the
proposals and making recommendations to the SC.

1:20 – 2:00
Matt Heberger
Memo:
Recommendation on a
contractor for the
Pesticides Interpretive
Report from the
Pesticides
Subcommittee

Summary of TAC
members’ ranking of
proposals

2:00 – 3:00
Stephen McCord
Matt Heberger

Desired Outcome:
•
•
•
Break

Identify any areas where proposals should be
improved or strengthened.
Recommend to the SC which proposals merit funding.
Document the level of support for proposals among
TAC members and any dissenting opinions.
3:00 – 3:15

2
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5

3:15 – 3:45
Matt Heberger
Mike Johnson

Discussion: Progress update on pesticides proposal
The Pesticides Subcommittee has met 7 times this spring and
is close to a final proposed monitoring design to present for
TAC review by June for approval by the SC in July, and
monitoring to start by early fall.
Desired Outcome:
• Inform TAC members of progress and outline of
monitoring proposals.
• Feedback on the draft monitoring design.

6

Discussion: Progress update on CEC proposal
Regulators and stakeholders have been working over the past
year and a half to plan monitoring for Contaminants of
Emerging Concern (CECs) in the Delta. The Steering Committee
directed the TAC to evaluate the CEC Work Plan to identify (1)
Document: CEC Pilot
Technical improvements that would significantly improve
Study Report Back to
outcomes that don’t make significant changes to the overall
Steering Committee
scope and (2) Collaboration opportunities and optimization of
sampling locations and times to leverage resources.

3:45 – 4:00
Brian Laurenson

Desired Outcome:
• Feedback on the draft monitoring design.

7

Discussion: Review FY16/17 and toxicity data and QA reports
Data for monitoring conducted from July 2016 to June 2017
are now available for TAC review. For the toxicity data, data
management and QA were handled by SWAMP program staff.
Desired Outcome:
Informed TAC prepared to submit comments or questions
about the data and/or accompanying reports by May 10.

8

Discussion: Co-Chairs for FY18/19
The charter calls for the TAC to appoint co-chairs to serve for a
2-year term. “The Co-Chairs coordinate the TAC’s oversight of
the technical content and quality of the RMP, co-chair TAC
meetings, and help ensure review of all program proposals
and technical products. They also provide a communication
link between the SC, TAC and Implementing Entity.”

1.
2.
3.

AHPL Toxicity Lab
Report
Toxicity QA Report
Toxicity Data
(spreadsheet)

4:00 – 4:30
Matt Heberger

4:30 – 4:50
Gita Kapahi

Charter excerpt

Desired Outcome:
• Inform of the TAC of co-chair responsibilities and
process for selecting and confirming co-chairs.
• Appoint (or re-appoint) co-chairs at June TAC meeting
9

Wrap Up
Review decisions and action items
Adjourn

4:50
Matt Heberger
5:00
3
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Meeting Materials for Item 4
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#1: Nutrients Modeling Study
1

2

3

4

5

Average
Score

A. Study Plan Responsiveness
1. Does the study proposal identify the management question addressed?
2. Are the Data Quality Objectives (DQOs; EPA 2006) clearly defined?
3. Does the study provide testable hypotheses (written as assessment questions or otherwise)?
4. Does the proposal demonstrate how the results will be presented?
5. Does the proposal adequately demonstrate how the results will be interpreted?
6. Does does the proposal contribute to a larger body of data that can be used to answer
Management Questions in the future?
7. Does the proposed study plan include an estimated budget that is responsive to Steering
Committee guidance?

-

-

-
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5
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-

1

3

1

1
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-

-
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4.0

B. Technical Foundation
1. Geographic scope. Does the location selection support the study objectives?
2. Geographic scope. Does the study adequately characterize an area relevant to the Delta RMP?
4. Temporal resolution. Is the temporal scope and resolution of the study justified based on available
data?
5. Temporal resolution. Does the study clearly define the conditions of interest (e.g. high flows)?
6. Temporal resolution. Can the results of the study be used to evaluate trends over the timescale of
interest or target magnitude of change?
8. Sample collection. Does the proposed data collection method introduce biases or errors that are
not adequately mitigated or measured?
9. Monitoring tools. Where do the analytical tools fit on the ‘established methods’ spectrum? (1 =
experimental, 5 = long-established, known, reliable)
12. Interpretation. Are study condition controls adequately considered given the study timeframe,
data collection frequency, and proposed interpretation to answer study hypotheses reliably?
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#1: Nutrients Modeling Study

13. Interpretation. Does the study have statistical power sufficient to answer study hypotheses
reliably during the study timeframe?
14. Interpretation. Is the basis for outcome assessments technically supported?
15. Interpretation. Does the proposed study create new information to evaluate beneficial use
attainment?
16. Interpretation. Do the proposed study's research questions and outputs address specified
management questions?

-

1
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C. Budget, Priority, and Coordination Considerations
1. Budget. Is the proposed budget scalable in size?
4. Priority. Is there urgency to conducting the monitoring, such as to inform planned policies or
regulations?
5. Priority. Does the study timeframe allow it to inform time-sensitive decisions?
7. Coordination. Can the monitoring be coordinated with other efforts to increase they study's power
or to reduce overall cost or duration?
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Delta RMP Monitoring Proposal
Questionnaire
#1: Nutrients Modeling Study
8 responses

8. Comments on the overall study plan responsiveness:
4 responses
Question 2: This proposal does not involve new monitoring or data collection, so USEPA's DQO
(2006) not directly applicable. However, the SFEI modeling team has goals and methods for
assessing model performance. These could be added to the scope of work. Questions 4 and 5:
marked "4 and "3" respectively because deliverables lack detail.
Specifications for deliverable details and more reporting/interaction with Nutrients
Subcommittee should be included in scope of work. Question 7: Taking into account unspent
funds designated for nutrients work, the 2 nutrients proposals are within Steering Committee's
target allocation.
as we discussed, being unfamiliar with much of the background, I will not provide scores for
many questions. Proposal does not state how the information could be used for future
monitoring plans.
dependence on SFCWA study is tenuous

3. Comments on the geographic scope:
2 responses
The project's geographic emphasis is the North Delta because of greater data availability (than
east and south Delta) and complementary USGS/SFCWA project. There is broad scientific
interest in North Delta because it is important habitat for delta smelt. Note, though that
separately funded project, Delta Science Program's "Operation Baseline" is also focused on
nutrients and primary production in the North Delta. Given that there are management needs
elsewhere in the Delta, I strongly recommended these amendments to this proposal: 1) In Task 4
comparisons of model predictions with data, the project should maximize the amount of
information that can be gained about the subareas other than the North Delta.
This isn't changing the focus because there is less high frequency data outside the North and
Central Delta. 2) Semi- annual progress meetings should be open for information exchange with
complementary projects (SFCWA data evaluation; Operation Baseline conceptual model; Delta
Smelt Resiliency Strategy).
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7. Comments on temporal scope:
3 responses
The temporal focus of water year 2016 is appropriate because an existing modeling effort is
focused on a year with different phytoplankton production and(WY2011). Model development
for years representing both conditions will allow comparison of factors affecting phytoplankton
productivity.
The study plan is for modeling WY 2016 and does not discuss any other time period. 2016
simulations will be combined with 2018 measurements--not ideal

8.5. Comments on sample collection:
4 responses
Project involves use of sample data already collected.
there appears to be no actual sample collection involved with this study, so no response
No additional samples are proposed to be collected, rather the study will evaluate 2016 model
simulation results corroborate with 2016 water quality data.
Answered the sample collection method based on how they plan to obtain and utilize data from
different sources.

11. Comments on monitoring tools:
3 responses
No new monitoring is proposed. Monitoring tools (grab samples, high frequency sensors at
fixed stations and mounted on the USGS boat) have been used previously. Most data already
available, but need to be compiled and checked for consistency before use in the model.
although modeling is commonly used in water related studies, it sounds like this particular
model may be somewhat new.
Monitoring tool questions 9 and 10 don't seem to apply to the Nutrient #1 proposal since it is
focused on modeling. Also, should the ranking on #9 be switched where 1 = reliable and 5 =
experimental?

17. Comments on interpretation:
4 responses
Interpretation questions 12-14 as phrased are not directly applicable to a modeling project.
Based on my experience with progress of the Suisun-Delta modeling effort, the modelling
proposed is technically appropriate. The project will create new information to evaluate
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beneficial uses, particularly in the North Delta (WARM, COLD, and WILD) and will address
specified management questions.
the research questions seem to address management questions indirectly, but provide a model
that may be useful in addressing those questions
Study seeks to verify a biogeochemical model using existing data collected in 2016. For future
decision grids we may need to include an option of Not Applicable.

3. Comments on budget:
4 responses
Budget is somewhat modular. The translation code (Task 2) has value separately from
comparison of predicted and actual WY2016 data.
Tasks 2 and 3 have no deliverables listed. To justify the expenditures for these tasks, I
recommend we consider requiring brief quarterly progress reports from the funded entities
describing their work. The Nutrients Subcommittee would be interested in and the natural
recipient of such reports.
"scalable" is unclear, does this mean, can we increase or decrease the scope to cover larger
area/longer analysis timeline I don't think it applies. It appears that the study could be broken
in to parts, which seems to be addressed in the 2nd question.
there are no options to consider but the proposed budget is in line with the expectations. For
future decision grids, we may want to add something for budgets to indicate "Unsure"

6. Comments on priority:
2 responses
Development of biogeochemical modeling capabilities for the Delta is a high priority for the
Delta Nutrient Research Plan (management driver for Delta RMP's nutrient efforts)l. This
project is a significant addition to the currently fledgling capabilities.
Not knowing the entire history of this project, yet, it is dificult to make a determination about
this but it seems to push the ability to make policy decisions off rather than informing anything
in the short term

8. Comments on coordination:
4 responses
The project is coordinated with USGS data compilation and analyses efforts being funded by
SFCWA. Utilizing the USGS work is cost-saving. See comment in B3 for additional coordination
with recommended during progress reporting.
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coordination seems to well documented
Coordination with complementary studies is incorporated in the proposal.
The question doesn't seem phrased correctly. It's a yes/no question with a 1-5 response options

Overall comments:
4 responses
Because this proposal would provide $101,000 directly to SFEI, I recommend that
representatives of the Delta RMP nutrients subcommittee be involved in project oversight and
tracking.
Deliverables and final product should include more than a manuscript for publication. Data
quality checks (Task 2 comparisons of high-frequency and discrete data), all tests of model
predictions vs data (Task 3 and 4), translation code (Task 1), data compilation (Task 2) and
hydrodynamic model inputs for WY2016 (Task 1) are all valuable products that should be
available to the RMP as the funding entity.
Comment on survey format: Survey anticipates a monitoring proposal. Consider rephrasing to
fit proposals that involve data evaluation and modeling.
What modules will be included in the Deltares Water Quality (DWAQ) biogeochemical model,
and what output factors will be generated for comparison to the field data compiled by USGS?
Will the model output focus on dissolved nutrient concentrations (ammonia and nitrate?) and
chlorophyll-a concentrations, or will it include predictions for other factors such as changes in
water residence times, turbulence (stratification), temperature, light availability, or regional
flow rates? Overall, it would help the proposal to further describe the functionality of the
biogeochemical model.
This seems like a good potential study to merge data from modeling and high frequency
monitoring, well designed models can be a big help in answering water related questions.
Since this is a modeling proposal, i have left the questions related to monitoring without
responses.
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#2: Chlorophyll-a Intercalibration
1

2

3

4

Average
Score

5

A. Study Plan Responsiveness
1. Does the study proposal identify the management question addressed?
2. Are the Data Quality Objectives (DQOs; EPA 2006) clearly defined?
3. Does the study provide testable hypotheses (written as assessment questions or otherwise)?
4. Does the proposal demonstrate how the results will be presented?
5. Does the proposal adequately demonstrate how the results will be interpreted?
6. Does does the proposal contribute to a larger body of data that can be used to answer
Management Questions in the future?
7. Does the proposed study plan include an estimated budget that is responsive to Steering
Committee guidance?

B. Technical Foundation
1. Geographic scope. Does the location selection support the study objectives?
2. Geographic scope. Does the study adequately characterize an area relevant to the Delta RMP?
3. Comments on the geographic scope:
4. Temporal resolution. Is the temporal scope and resolution of the study justified based on available
data?
5. Temporal resolution. Does the study clearly define the conditions of interest (e.g. high flows)?
7. Comments on temporal scope:
8.5. Comments on sample collection:
11. Comments on monitoring tools:
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#2: Chlorophyll-a Intercalibration

12. Interpretation. Are study condition controls adequately considered given the study timeframe,
data collection frequency, and proposed interpretation to answer study hypotheses reliably?
13. Interpretation. Does the study have statistical power sufficient to answer study hypotheses
reliably during the study timeframe?
14. Interpretation. Is the basis for outcome assessments technically supported?
15. Interpretation. Does the proposed study create new information to evaluate beneficial use
attainment?

C. Budget, Priority, and Coordination Considerations
1. Budget. Is the proposed budget scalable in size?
4. Priority. Is there urgency to conducting the monitoring, such as to inform planned policies or
regulations?
5. Priority. Does the study timeframe allow it to inform time-sensitive decisions?
7. Coordination. Can the monitoring be coordinated with other efforts to increase they study's power
or to reduce overall cost or duration?
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Delta RMP Monitoring Proposal
Questionnaire
#2 Chlorophyll Intercalibration
8. Comments on the overall study plan responsiveness:
3 responses

This proposal
Reliable and comparable high-frequency Chlorophyll-a data would support many nutrient,
ecological, and modeling studies in the Delta.
The study addresses a crucial need for more coordination among various monitoring groups to
improve chlorophyll datacomparability.

3. Comments on the geographic scope:
3 responses
Chlorophyll sensors included in the study span the Delta. The proposal's scope also increases
our understanding of data
comparability and cooperation with Bay monitoring efforts. Sites of field side-by-side
comparisons (Task 2) are appropriate.
There is an impressive amount of chl-a meters in the Delta this section does not seem relevant to
this proposal

7. Comments on temporal scope:
5 responses

Field side-by-side and collections for lab intercalibration should occur during bloom periods,
which is why they are scheduled for summer/fall.
Hi-frequency meters provide great temporal resolution, so long as they keep running. again,
this section does not seem relevant
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The study appropriately only targets current monitoring methodologies rather than past
methodologies.
question 6 and others need a "N/A" response option

8.5. Comments on sample collection:
4 responses

Sensor deployment (Task 2) and sample collection/splitting/distribution (Task 3) are carefully
designed to reveal biases in sensors and lab analyses. Any differences will be quantified and
investigated.
This project aims to reduce errors.
this does not seem relevant
How are labs selected for the intercalibration study?

11. Comments on monitoring tools:
5 responses

Monitoring tools (chlorophyll sensors and laboratory analyses for chlorophyll) are wellestablished.
standard chlorophyll sensors are well established, I am surprised calibration between
agencies/sensors has not been done previously. I would like to see satellite imagery included if
this is possible, LandSat satellites should be high enough resolution and often enough that data
would be very helpful.
Includes lit. review to include past chlorophyll intercal. studies and current recommendations
on best practices in using insitu chlorophyll sensors.
#9 isn't exactly fair here--the study is needed because methods aren't established
Sample and monitoring tool questions do not seem applicable.

17. Comments on interpretation:
4 responses
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Question 15: the study creates information that will allow us to appropriately use and interpret
data. Thus it is valuable even if the study itself does not help understand beneficial use
attainment.
This study should help us utilize existing chl-a meters in the Delta, to better understand
phytoplankton trends in future modeling and synthesis projects.
this study seems that it indirectly addresses management questions
Does not address specific management questions per se, but provides necessary first steps to
reduce inter-program variability in chlor. Measurements

3. Comments on budget:
2 responses

Dollar amounts are reasonable. As this also benefits the Bay Nutrient Management Strategy, the
Bay NMS should contribute proportionally.
The task scopes and budgets are such that they could be implemented independently and still
achieve useful information is one or more tasks were not completed or attempted.

6. Comments on priority:
1 response

It seems that having systems calibrated would be a high priority in getting usable data for
decision making.

8. Comments on coordination:
4 responses

The project already relies on significant in-kind contributions from USBR and DWR. I don't see
other opportunities to coordinate.
this seems to outline good coordination
It is already coordinated!
The study already involved coordination with all the major chlorophyll monitoring groups so
that further coordination is not applicable.

Delta RMP TAC Meeting Agenda Package, page 118

Overall comments:
5 responses

The proposal and scope of work should include maps and/or list of sensors included in the
project. Fig 2 legend stating "graphic does not show all stations where chlorophyll fluorescence
is monitored" is not helpful. I'd like a commitment of ~40% funding from the Bay NMS.
Although this project will not directly assess the influence of nutrients on chl-a concentrations, it
should increase the accuracy, precision, comparability, and reliability of chl-a measurements
among multiple organizations, monitoring locations throughout the Bay-Delta system, which
will aid many future projects investigating potential interactions between nutrients and chl-a
concentrations.
I would like to reiterate that satellite data could be a useful add to this analysis and could
inform management decisions in shorter term than sensor data.
The study will provide very useful and germane information to improve data comparability of
existing monitoring efforts; and furthermore will initiate increased coordination, collaboration,
and sharing by monitoring groups. This increased collaboration will perhaps in turn encourage
a long-term culture shift benefitting future monitoring efforts.
Questions don't fit well for this intercalibration exercise.
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#3: Mercury Monitoring
1

2

3

4

Average
Score

5

A. Study Plan Responsiveness
1. Does the study proposal identify the management question addressed?
2. Are the Data Quality Objectives (DQOs; EPA 2006) clearly defined?
3. Does the study provide testable hypotheses (written as assessment questions or otherwise)?
4. Does the proposal demonstrate how the results will be presented?
5. Does the proposal adequately demonstrate how the results will be interpreted?
6. Does does the proposal contribute to a larger body of data that can be used to answer
Management Questions in the future?
7. Does the proposed study plan include an estimated budget that is responsive to Steering
Committee guidance?

B. Technical Foundation
1. Geographic scope. Does the location selection support the study objectives?
2. Geographic scope. Does the study adequately characterize an area relevant to the Delta RMP?
3. Comments on the geographic scope:
4. Temporal resolution. Is the temporal scope and resolution of the study justified based on available
data?
5. Temporal resolution. Does the study clearly define the conditions of interest (e.g. high flows)?
7. Comments on temporal scope:
8.5. Comments on sample collection:
11. Comments on monitoring tools:
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#3: Mercury Monitoring

12. Interpretation. Are study condition controls adequately considered given the study timeframe,
data collection frequency, and proposed interpretation to answer study hypotheses reliably?
13. Interpretation. Does the study have statistical power sufficient to answer study hypotheses
reliably during the study timeframe?
14. Interpretation. Is the basis for outcome assessments technically supported?
15. Interpretation. Does the proposed study create new information to evaluate beneficial use
attainment?

C. Budget, Priority, and Coordination Considerations
1. Budget. Is the proposed budget scalable in size?
4. Priority. Is there urgency to conducting the monitoring, such as to inform planned policies or
regulations?
5. Priority. Does the study timeframe allow it to inform time-sensitive decisions?
7. Coordination. Can the monitoring be coordinated with other efforts to increase they study's power
or to reduce overall cost or duration?
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Delta RMP Monitoring Proposal
Questionnaire #3 MERCURY
7 responses

8. Comments on the overall study plan responsiveness:
3 responses
The proposal budget is $80K over the SC guidance amount of $250K. However, the Mercury
subcommittee has planned two monitoring reduction options that will bring the proposal cost
to the SC's recommended amount and will have minimal impact on the study design. The more
robust Mercury monitoring design was proposed with the hope that there will be excess
program funding available for FY 2018-19 that could supplement the additional $80K. If not,
then the additional monitoring and cost could be written as a SEP project.
this proposal seems to meet needs of DRMP, although I not fully understand some of the
background associated with this proposal Was the new linkage analysis assessment question
approved by Steering Committee? How do other important
parameters affect the analyses of mercury in fish?

7. Comments on temporal scope:
1 response
Ultimately, the Delta RMP will need long-term monitoring to answer the management
questions, but this data will
supplement the current data and provide useful information.

11. Comments on monitoring tools:
3 responses
not completely sure what "analytical tools" this is referring to
It would be useful to pool this data with other data that is collected to further our
understanding and interpret the data.
Expects DWR model to be working and available

17. Comments on interpretation:
2 responses
I don't think that the study fully answers the primary management questions, but it
supplements current data and helps us
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understand the ambient condition so it is very useful.
The TMDL could be revised substantially after 2020, but �sh tissue Hg levels will be a concern
regardless.

3. Comments on budget:
2 responses
Although the proposal does not identify the speci�cs of the modular monitoring options, the
subcommittee discussed and agreed on a couple. The options could be one or more of the
following: reducing the frequency of water sampling from every 4 weeks to every 6 weeks or
every 8 weeks, reducing two winter water sampling events.
budget does not seem to be scalable, but I may be missing something

6. Comments on priority:
0 responses

8. Comments on coordination:
2 responses
This proposal leverages almost $72,000 in in-kind from MLML over the next 3 �scal years.
Get some related information from USGS �ux stations.

Overall Comments
Jay Davis has been very responsive in accommodating recommendations from RB5 staff in the
development of this proposal. We feel that it will provide valuable information for the
implementation and revision of the Methylmercury TMDL in the near future.
as I mentioned earlier, without an appropriate background in how the DRMP has arrived at
these proposals, I do not know how useful my responses are.
I support this monitoring design.

Summary of Proposals for FY18/19 Delta RMP Special Studies for Nutrients
Title

Funding
Request

Summary

Merging HighFrequency Water
Quality Data and
Models to Gain
Insights into the
Factors Regulating
Phytoplankton
Blooms in the Delta
in WY2016

Intercalibration
Study for Chlorophyll
Fluorescence
Sensors in the BayDelta, Phase II

For this study, we propose to combine a hydrodynamic-biogeochemical model of
the Delta in WY2016 with water quality measurements in order to understand what
caused large phytoplankton blooms in this year. The approach will be to apply a
biogeochemical model developed for WY2011 to WY2016 and then to compare the
model predictions to measurements made throughout the Delta. Comparisons
between the model and observations will provide insight into important mechanisms
for phytoplankton productivity including physical and other influencing factors. The
study will be a first step toward implementing priority research recommendations in
the Delta Nutrient Research Plan. The study design leverages $24,000 of in-kind
modeling resources from the Department of Water Resources and takes advantage
of $900,000 of studies that are funded by other parties. Finally, this project
implements a recommendation to increase data sharing among different models
and monitoring programs.
Chlorophyll is an important water quality parameter for assessing the effects of
nutrients and for fisheries management in the Bay-Delta. This study is the second
phase of a multi-year effort to improve the accuracy, precision, and comparability of
chlorophyll data collected in the Bay-Delta. Phase I planning has shown that
variability in the methods used for measurement chlorophyll across the Bay-Delta is
significant and that reducing this variance is of interest to a wide variety of
monitoring agencies. In FY18/19, we propose to tackle a portion of the problem with
a series of tasks to help understand and reduce the variance in the measurements
of chlorophyll by in-situ sensors and laboratory methods. The proposed tasks
include: (1) assessing methods used by different monitoring programs; (2)
performing field intercalibration exercises between programs; (3) organizing a
laboratory intercalibration study; and (4) preparing a summary report through
technical workgroup discussion. Funding is requested for SFEI-ASC and USGS to
lead the study. The study leverages $105,000 of in-kind support from the
Department of Water Resources and the US Bureau of Reclamation.
TOTAL

Leveraged
Resources

Ranking

$24,000
(in-kind)
$186,000

$900,000
(related
projects)

$84,800

$105,000
(in-kind)

$270,800

$129,000

3.4 of 4

3.3 of 4

Two other projects were considered by the Nutrients Subcommittee. These projects are not recommended for FY18/19 but remain on the multi-year plan
(see next page).
•
•

Sediment Nutrient Inventories, Availability, and Fluxes in the Delta. $113,000-$200,000. Rank 2.3 of 4.
Nutrients Workshop and Summary Article. $46,000. Rank 0.8 of 4.

Multi-Year Plan for Delta RMP Nutrients Subcommittee Projects
Project Type

Status and
Trends

Sources,
Pathways,
Loadings, and
Processes

Project
Status and
Trends Synthesis
Reports
High Frequency
Monitoring
Chlorophyll
Intercalibration
Workshop &
Summary Article
WY2016 Water
Quality Modeling
Model parameter
characterization
Special Studies
for Delta Nutrient
Research Plan

FY16/17

FY17/18

FY18/19

FY19/20

Phase II: $85k

Phase III: $50k

FY20/21

$120k
$195k
Phase I: $15k

$50k
$186k

$60k
$150k

TBD

$100k

$300k

$410k

$300k

Forecasting
Scenarios1
Total

$120

$210k

$271k2

1. Modeling work for SPLP is building capacity for forecasting scenarios.
2. Actual funding request can be $27k lower ($244k) if the SC agrees to apply $27k left over from the FY16/17 Status and
Trends Synthesis Reports to the FY18/19 projects.
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Delta RMP Special Study Proposal
Merging High-Frequency Water Quality Data and Models to
Gain Insights into the Factors Regulating Phytoplankton
Blooms in the Delta in WY2016
Summary:
For this study, we propose to combine a hydrodynamic-biogeochemical model of the
Delta in WY2016 with water quality measurements in order to understand what caused
large phytoplankton blooms in this year. The approach will be to apply a biogeochemical
model developed for WY2011 to WY2016 and then to compare the model predictions to
measurements made throughout the Delta. Comparisons between the model and
observations will provide insight into important mechanisms for phytoplankton
productivity including physical and other influencing factors. The study will be a first step
toward implementing priority research recommendations in the Delta Nutrient Research
Plan. The study design leverages $24,000 of in-kind modeling resources from the
Department of Water Resources and takes advantage of $900,000 of studies that are
funded by other parties. Finally, this project implements a recommendation to increase
data sharing among different models and monitoring programs.
Estimated Cost:

$186,000

Oversight Group: Delta RMP Nutrients Technical Subcommittee
Proposed by:

SFEI-ASC, USGS, DWR

Background
Nutrient management is high-profile issue in the Delta. Nutrients are among the firstorder factors that shape phytoplankton productivity, which is important for understanding
pelagic organism decline. The Sacramento Regional County Sanitation District is
already investing over $1 billion in wastewater treatment upgrades to manage nutrients.
The Central Valley Regional Board recently completed a draft Delta Nutrient Research
Plan which listed harmful algal blooms, increased aquatic macrophytes, and low
dissolved oxygen as other water quality concerns associated with nutrients (Cooke et al.,
in review).
For this study, we are proposing a synthesis of monitoring and modeling tools to better
understand the linkage between nutrients and the phytoplankton blooms that occurred in
WY2016 taking into account physical and other factors. The approach is directly relevant
to Research Recommendation MON1 from the Delta Nutrient Research Plan. This
recommendation calls for monitoring to assess “physical, chemical, and biological
factors affecting phytoplankton abundance and growth” (Cooke et al., in review). The
combination of data synthesis and modeling proposed for this project will provide insight
1
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into all of these factors.
The proposed project is designed to take advantage of two existing efforts that are
funded by other parties. The Regional Water Control Boards (RB2 and RB5),
Sacramento Regional County Sanitation District, Delta Stewardship Council, and Central
Contra Costa Sanitary District are funding a project to develop, calibrate, and validate a
biogeochemistry model for the Delta-Suisun in WY2011 (a year with low productivity).
SFCWA is funding a project to synthesize data related to phytoplankton blooms in the
Delta in WY2016 (a year with higher productivity) and prior years. The total investment
for these two projects is nearly $900,000.
The study design is to apply the WY2011 biogeochemical model to WY2016 to allow for
comparison between model predictions and observations of phytoplankton during this
year of higher productivity. The comparison between the model and observations will
provide insight into important mechanisms for phytoplankton productivity. Finding a
mutual set of model parameters that work for both ends of the spectrum in terms of
productivity (i.e., years with low or high productivity) will also help to narrow down the
choice of biogeochemical model parameters for the Delta, from which the WY2011
Delta-Suisun modeling effort can also benefit.
Finally, this project implements a recommendation from the white paper on modeling
that was prepared for the Delta Nutrient Research Plan (Trowbridge et al, 2016). One
concept from that report was that being able to share information between different
modeling groups “would be economical, lead to more efficient model applications
(shorter project timelines), and increase opportunities innovation because more
resources would be available for modeling” (p.24-25). This study will put this concept
into action by using hydrodynamics from DWR’s SCHISM finite element platform and
biogeochemistry from the Deltares Flexible Mesh finite volume platform. The project will
develop code to facilitate future data sharing across these two platforms. Further, it will
promote the sharing of information between modeling efforts, monitoring and research to
help streamline the integration of new findings in biogeochemical models.

2
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Study Objectives and Applicable RMP Management Questions
The objectives of the project and how the information will be used relative to the RMP’s
high-level management questions are shown in Table 1.
Table 1. Study objectives and questions relevant to RMP management questions.
Delta RMP Management
Question & Assessment
Question
Management Question:
Which sources and processes
are most important to
understand and quantify?
Assessment Questions:
SPLP1- “Which sources,
pathways, and processes
contribute most to observed
levels of nutrients?”
SPLP2 - “How are nutrients
linked to water quality
concerns such as harmful
algal blooms, low dissolved
oxygen, invasive aquatic
macrophytes, low
phytoplankton productivity,
and drinking water issues?”
A. “Which factors in the Delta
influence the effects of
nutrients on the water quality
concerns listed above?”

Study Objectives

Example Information
Application

Set up and run a coupled
hydrodynamic and
biogeochemical model to
simulate the nutrients and
phytoplankton in the Delta in
WY2016 by combining
WY2016 hydrodynamics with
a biogeochemical model
developed for WY2011.

This project will accelerate
biogeochemical model
development in the Delta. If
predictions match reality, then
modelers will have confidence
that the model
parameterization is broadly
applicable. If not, then
modelers will have insights into
what processes need to be
improved in the model.

Compare the modeled results
for nutrient concentrations and
phytoplankton with the
measured observations for
WY2016.
Synthesize important
differences between the
model and observations to
understand the processes that
need to be improved in the
model.
Analyze the modeled results
for WY2016 to identify the
major factors that caused the
observed phytoplankton
blooms in that year.
Demonstrate data sharing
between different model
platforms.

3

Managers and researchers will
know more about process and
factors (especially physical
factors) that resulted in the
large algae blooms in WY2016.
Data collection agencies and
modelers will know more about
which monitoring stations are
useful for validating models.
Managers and modelers will
gain experience and know the
pros/cons of sharing data
between model platforms.
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Approach
Task 1: Obtain hydrodynamic model input and output files for the Delta in WY2016.
DWR will provide input and output files for WY2016 hydrodynamics from the SCHISM
model. The hydrodynamics will be validated at multiple locations in the Delta for the
following parameters: flow, water level, temperature and salinity. SFEI will work with
Deltares to write code to translate the output files to match the requirement of Deltares
DWAQ model input. This code is an investment because it can later be used to translate
SCHISM output files for other water years.
This approach combines the extensive expertise from DWR on Delta hydrodynamic
modeling as well as the power of Deltares Water Quality model (DWAQ) to predict
sophisticated biogeochemical cycling processes in aquatic systems. Developing systems
for sharing data across model platforms is consistent with the “community modeling”
approach outlined in the Modeling Strategy White Paper (Trowbridge et al., 2016).
Due to the differences in the model platforms, there is a small amount of risk that the
SCHISM model output cannot be translated to the Deltares DWAQ format. As a backup,
if it is not possible to use the SCHISM model output, the funds can be redirected to a
subcontractor to develop the WY2016 hydrodynamics for the Deltares Flexible Mesh
model. Therefore, a first step for this task will be for DWR to provide the SCHISM model
output for an earlier year (e.g., WY2011) so that Deltares can identify any major barriers
right away.
Task 2: Prepare boundary condition and validation data for the WY2016 biogeochemical
model
Measurements of nutrients and nutrient-related parameters in WY2016 are needed to
evaluate the model predictions for this year. Fortunately, with funding from SFCWA,
USGS is already compiling much of the data that are needed for the modeling.
Therefore, for this task, USGS will provide the WY2016 data from USGS and DWR
stations that they have compiled for their other project and SFEI will gather other
relevant data not already in the USGS database. These data will be formatted to match
the input needs for the model and reconciled among data sources, which is not part of
the SFCWA effort.
The parameters of interest for discrete grab samples include: chlorophyll-a, ammonia,
nitrate, phosphate, turbidity, and dissolved oxygen (and potentially others such as
zooplankton biomass, benthic grazer data, silica, and organic nitrogen if available).
These data will be formatted and incorporated into the database for Delta/Suisun Bay
modeling.
The parameters of interest for high frequency, in-situ sensor data are: nitrate, turbidity,
chlorophyll fluorescence, and dissolved oxygen. High frequency data collected by the
USGS, DWR, USBR, and other agencies will be compiled. The quality of the high
frequency data will be checked by comparing the measured high frequency data with the
discrete sampling data at the same or nearby location or reviewing metadata on
datasets that have already gone through this step.
4
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The geographic focus of this project is the whole Delta. Much of the data needed,
especially in the North Delta, including Cache Slough, and the Central Delta, are already
being compiled by USGS through the SFCWA-funded study. For that study, data will be
aggregated from the following sources: (a) USGS continuous monitoring stations and
underway measurements; (b) DWR continuous monitoring stations; (c) discrete sampling
and analysis programs of USGS, IEP, DWR, USBR and RTC; (d) other data as
suggested by the community. Data types include temperature, conductivity, pH, turbidity,
dissolved oxygen nutrients, chlorophyll fluorescence, chlorophyll concentration,
dissolved organic matter fluorescence, phytoplankton abundance, zooplankton
abundance, stage, discharge, velocity, precipitation, PAR, Kd and others.

Task 3: Apply the biogeochemical model that has been calibrated/validated for WY2011
to hydrodynamics in WY2016.
A complete biogeochemical model 1 for WY2011 will be developed with funding from
other sources by December 2018 (see timeline in Table 3). This model can be applied
to WY2016 using the SCHISM hydrodynamic output (Task 1) and data prepared in
Tasks 2. This application will not attempt to fully validate 2 the model for WY16 but rather
provide some initial evaluation on the performance of the model by comparing the model
results to what was observed (see Task 4).

Task 4: Compare model predictions of biogeochemistry in WY2016 to observations.
The water quality data compiled in Task 2 will be compared to the model predictions for
WY2016 (Task 3). The comparisons will be made at stations in all areas of the Delta
using a similar approach as the Delta-Suisun modeling project but there will be a focus
on the North Delta, including the Cache Slough Complex, and the Central Delta because
these are areas of higher productivity and regions where a large amount of highfrequency data have been collected. The deliverable for this task will be a technical
report with:
● Plots of the performance of the model compared to the observations for
dissolved nutrient concentrations and chlorophyll concentrations at various
locations throughout the Delta, such as:
○ Concentrations of dissolved nutrients and chlorophyll
○ Spatial distribution of dissolved nutrients and chlorophyll
○ Zones of bloom inception
○ Timing of bloom inception and senescence
● Hypotheses to explain the differences between the biogeochemical model output
and observed water quality. The explanations will consider mechanistic
relationships between physical factors (such as flow), nutrients, grazers, and
chlorophyll. The topics on this list can be investigated in more depth with
scenario tests using a fully calibrated model in a second phase of the study.
● Insights from the model about processes and factors (especially physical factors)
that resulted in the large algae blooms in WY2016 as well as inferred rates of
1

Including all the modules for biogeochemical cycling (nutrient cycling, phytoplankton dynamics,
benthic grazing, zooplankton, mineralization, and sediment fluxes, and empirical light field).
2
Data from the boundary conditions will be used to initialize the model; data from interior Delta
stations will be used to evaluate and validate the model performance.
5
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●
●

nutrient transformation and uptake.
The monitoring stations that appear to be especially useful for validating
biogeochemical models.
Lessons learned and the advantages and disadvantages of sharing data
between model platforms.

The final report for this study will benefit from, not overlap with, the related SFCWAfunded effort. The SFCWA-funded report (due in February 2019) will contain insights into
factors that caused the WY2016 phytoplankton blooms based on statistical relationships
between phytoplankton abundance and community structure with (a) nutrient
concentrations, forms and ratios; (b) temperature; (c) light availability; (d) water source
and history; (e) water velocity and wind (as a proxy for turbulence) and discharge; (e)
estimated residence time; and (d) events such as stormflows, Yolo bypass outflows and
water releases. In practical terms, these insights will give direction on where to look and
what to look for in terms of model validation and dominant processes (Tasks 3 and 4).
Similarly, the mechanistic modeling work will provide insights into processes that could
not be determined from the statistical analysis. In this way, the two projects are
complementary and synergistic.
In addition to the written report, progress reports to Delta RMP stakeholders will be
provided at semi-annual meetings for the Delta-Suisun modeling project, which Delta
RMP stakeholders will also be invited.

Proposed Deliverables and Timeline
Table 2. Deliverables
Deliverable

Due Date

Obtain and format WY2016 Hydrodynamics input and output files

December 31, 2018

Final Technical Report/Manuscript

March 31, 2020 (draft)
June 30, 2020 (final)
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Table 3. Timeline
2018
Task

2019

2020

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J

Task 1 Hydrodynamics

X

Task 2 - Model Set
Up
Task 3 - Model
Application
Task 4 - Reporting

X

X

X

X

Related Studies
SFCWA Study
Data aggregation
Data analysis
Reporting
Delta-Suisun WY2011 Modeling
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
X = Deliverable due
= Activity
Delta-Suisun Modeling Stages
Stage 2: Building a complete biogeochemical modeling framework that includes nitrogen cycling,
phytoplankton dynamics, grazing behavior, mineralization, and benthic processes.
Stage 3: Test runs with Stage 2 model. Identifying dominant processes. Refining input data and
model structure.
Stage 4: Improve model performance by tuning biogeochemical coefficients.
Stage 5: Adding dissolved oxygen. Scenario testing to answer management questions.
Stage 6: Final reporting.
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Budget
Table 4 shows the estimated costs for this proposed special study.
Table 4. Proposed Budget
Funding
Requested
for USGS

Funding
Requested
for SFEI-ASC

Funding for
Contractors

Total Funding
Requested

In-Kind
Contributions

$0

$5,000

$35,000

$40,000

$24,000

Tasks 2 & 3 Biogeochemical Model Set
Up and Application

$20,000

$66,000

$0

$86,000

$0

Task 4 - Report

$20,000

$30,000

$10,000

$60,000

$0

Total Funding Requested

$40,000

$101,000

$45,000

$186,000

Task
Task 1 - Hydrodynamics

Leveraged In-Kind
Contributions

$24,000

Budget Justification
Task 1
● DWR will provide the WY2016 hydrodynamics model in-kind.
● The funding requested is for a $35,000 subcontract with Deltares to write code to
convert DWR’s SCHISM model output to the Deltares Flexible Mesh (DFM)
format and $5,000 SFEI-ASC labor (40 hours of SFEI-ASC modeler time) to
handle data transfers and contribute to the coding.
Tasks 2 & 3
● For SFEI-ASC: The funding requested is for 3 months of SFEI modeler time
($51,000) and 1 month of Environmental Analyst time ($15,000) to initialize and
run the biogeochemical model for WY2016. This step will also include generating
plots of model output versus observations.
● For USGS: The funding requested includes $20,000 to support participation in
meetings to plan and evaluate integration of high-frequency data with model
output, trouble shoot WY2016 data transfer issues, and assist with additional
data compilation.
Task 4
● The final report will be a collaboration between SFEI, USGS, and DWR. SFEIASC will be the lead author.
● For SFEI: $30,000 is requested for 130 hours of SFEI-ASC technical staff time
and 75 hours of Program Manager/Senior Scientist time.
● For USGS: $20,000 is requested for analysis of modeled versus monitored data,
and co-authorship of the final report including time to present the findings to
Delta RMP committees and respond to up to two rounds of comments. Funding
8
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●

will also support USGS participation in two project meetings: (1) Meeting to
compare monitored and modeled results and plan final steps; and (2) Meeting to
finalize main conclusions for final report.
An additional $10,000 is requested for honoraria for consultants and external
reviewers of the final report. The specific expertise needed to evaluate the results
of this study is not known at this time. These funds would make it possible to
bring in experts in phytoplankton, zooplankton, benthic grazers, or another
discipline on an as-needed basis. In addition, the funds could be used for expert
reviewers of the final report. Potential reviewers could be: Stephen Monismith
from Stanford University, Jim Cloern from USGS, Fei Chai from University of
Maine, Wim Kimmerer from San Francisco State University, and Lisa Lucas from
USGS. Obtaining an in-kind peer-review through CWEMF will also be pursued.
Plans for the use of these funds will be discussed with the Delta RMP Nutrients
Subcommittee in advance.

Leveraged Funds and In-Kind Contributions
Leveraged funds are cash contributions from another source that pay for a part of the
scope of work. In-kind contributions are staff time or resources (e.g., boat time, lab
analyses) that are contributed to the project to complete the scope of work.
•

DWR will contribute the WY2016 hydrodynamic model output from SCHISM as
well as input files with an approximate value of $24,000.

While not strictly “leveraging”, the project will use outputs from two other highlycomplementary and well-timed studies as an effective launch pad to maximize the
impact of this work.
● Delta-Suisun Modeling with funding from Regional Boards (RB2 and RB5),
Central Contra Costa Sanitary District, Sacramento Regional County Sanitary
District, and Delta Science Program ($800,000 in total).
● WY2016 Algal Bloom Analysis with funding from the State and Federal
Contractors Water Agency ($83,700).

Optional Tasks for Future Funding
The proposed project will initiate the process of gaining understanding on the
mechanisms behind phytoplankton productivity in the Delta. For FY19/20, a second
phase of the study could be conducted to:
● Fully validate the WY16 biogeoechemistry model.
● Perform alternative hypothetical scenario runs to isolate the contribution from
each forcing factor on causing the bloom event in 2016.

9
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Reporting
The final report will be prepared in a format such that it can be submitted for publication
as a manuscript. This manuscript will be reviewed by the Delta RMP committees
following the protocols in the Delta RMP Communications Plan. If the manuscript is
delayed, a stand-alone technical report will be prepared for the Delta RMP.
Progress reports to Delta RMP stakeholders will be provided at semi-annual meetings
for the Delta-Suisun modeling project.
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Delta RMP Special Study Proposal
Intercalibration Study for Chlorophyll Fluorescence Sensors
in the Bay-Delta, Phase II
Summary:
Chlorophyll is an important water quality parameter for assessing the effects of nutrients
and for fisheries management in the Bay-Delta. This study is the second phase of a
multi-year effort to improve the accuracy, precision, and comparability of chlorophyll data
collected in the Bay-Delta. Phase I planning has shown that variability in the methods
used for measurement chlorophyll across the Bay-Delta is significant and that reducing
this variance is of interest to a wide variety of monitoring agencies. In FY18/19, we
propose to tackle a portion of the problem with a series of tasks to help understand and
reduce the variance in the measurements of chlorophyll by in-situ sensors and
laboratory methods. The proposed tasks include: (1) assessing methods used by
different monitoring programs; (2) performing field intercalibration exercises between
programs; (3) organizing a laboratory intercalibration study; and (4) preparing a
summary report through technical workgroup discussion. Funding is requested for SFEIASC and USGS to lead the study. The study leverages $105,000 of in-kind support from
the Department of Water Resources and the US Bureau of Reclamation.

Estimated Cost:

$84,800

Oversight Group: Delta RMP Nutrients Technical Subcommittee
Proposed by:

SFEI-ASC, USGS, DWR, and USBR

Background
Accurate, precise measurements of phytoplankton biomass are critical to inform
important management questions about productivity, nutrient management, and
fisheries. Chlorophyll concentration is a widely-accepted proxy for phytoplankton
biomass. There are presently more than 40 moored chlorophyll sensors using in-situ
fluorescence in the Bay-Delta, belonging to networks maintained by the U.S. Geological
Survey (USGS), Department of Water Resources (DWR), and others (Figures 1 and 2).
Prior to now there has been no effort to ensure that the groups making these
measurements are using calibrations, sampling methods, and data processing
techniques that ensure comparable results. Ensuring data comparability will save money
and time, and will provide managers with better, high-resolution data for the entire
estuary.
Therefore, to increase the utility and improve our return on the considerable effort to
produce these data, the Delta Regional Monitoring Program and the San Francisco Bay
Nutrient Management Strategy Science Program are jointly funding a project with the
1
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goal of improving the comparability of the chlorophyll data collected by different
programs across the region. While a seemingly simple task, achieving this goal requires
overcoming several technical barriers to apply common approaches for sensor
acceptance and performance criteria, sensor calibration, performance validation, data
collection, data quality assurance, data management, and data access.
In FY17/18, the Delta RMP and the Nutrient Management Strategy each contributed
$15,000 for SFEI-ASC to organize the stakeholders, conduct some initial analyses, and
to develop a detailed workplan for FY18/19.
The stakeholder outreach process revealed a broad interest from many agencies in:
● Standardizing, improving processes
● Having data from different programs be interoperable
● Improving relationship between in-situ and lab chlorophyll-a
● Coordination
● Improving data accessibility
The survey of 13 monitoring programs found that a variety of methods are being used by
the different programs especially in the areas of sensor settings, calibration procedures,
sensor cleaning, and QA/post-processing. The method differences were significant
enough to make comparing data from different programs difficult. For example, some of
the programs conduct 2-point calibrations, others perform a single point test at zero, and
others do no calibration check. The laboratories performing extracted chlorophyll-a
analyses use two fundamentally different methods (spectrophotometry and fluorometry).
Finally, analysis of measurements from the different programs data showed a large
amount of variability in chlorophyll fluorescence response (differences as much as a
factor of two) between regions of the Bay-Delta and between programs (Figure 3).
Variability of this magnitude impedes synthesis of data from across the Bay-Delta
without using site-specific calibrations.
Overall, the effort in FY17/18 has shown that variability in the methods used for
measurement chlorophyll across the Bay-Delta is significant and that reducing this
variance is of interest to a wide variety of monitoring agencies. A conceptual model for
variability in the chlorophyll fluorescence (Figure 4) provides a way to break this
challenging problem into smaller tasks. In FY18/19, we propose to tackle a portion of the
problem with a series of tasks to help understand and reduce the variance in the
measurements of chlorophyll by in-situ sensors and laboratory methods.
This proposal was developed and reviewed by a workgroup with representatives from
SFEI-ASC, USGS, DWR, US Bureau of Reclamation (USBR), and the Central Valley
Regional Water Quality Control Board.
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Figure 1: Chlorophyll fluorescence sensors in the Delta (from Bergamaschi et al., 2017)

3
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Figure 2: Chlorophyll fluorescence monitoring stations in the Bay. Continuous monitoring
with moored sensors is performed at the red stations. Discrete measurements with
sensors are made at ship-based monitoring sites (yellow) and mussel sites (orange).
The graphic does not show all stations where chlorophyll fluorescence is monitored in
the Delta, the Bay, and the coastal ocean.
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Figure 3: Ratio of sonde relative fluorescence units (RFU) from YSI EXO sondes to extracted chlorophyll measured in the laboratory
across multiple programs and multiple locations in the Bay-Delta. The variance shown on this figure is from a combination of factors
(see Figure 4). Natural variability among sites is evident when comparing different sites monitored by the same program. There can
be natural differences between stations due to differences in salinity, tidal influence, and phytoplankton community. However, this
graphic illustrates that some of the variance observed could be due to different protocols used by different programs.
5
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Figure 4: Conceptual model developed in FY17/18 for variance in extracted chlorophyll-a, in-situ chlorophyll fluorescence, algal
biomass, and the relationships between these related parameters.
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Study Objectives and Applicable RMP Management Questions
The objectives of the project and how the information will be used relative to the Delta
RMP’s management and assessment questions are shown in Table 1.
Table 1. Study objectives and questions relevant to Delta RMP management questions
Delta RMP
Management Questions &
Assessment Questions

Management Question:
Is there a problem or are there
signs of a problem?
Assessment Question:
How do concentrations of
nutrients (and nutrientassociated parameters) vary
spatially and temporally?
(S&T1)

Study Objectives

Example Information
Application

Assess the differences in
methods used by each
program to measure
chlorophyll.

Water quality and resource
managers will know the
comparability of chlorophyll-a
data from the major monitoring
programs in the Bay-Delta.

Determine whether
differences in methods
between programs result in
significant variability in sensor
and lab results for chlorophyll.

Data collection agencies will
know which methods are
important to address to improve
the accuracy and precision of
sensor and lab chlorophyll-a
data in the Bay-Delta.

This study is relevant to these
questions because it will
improve our ability to discern
spatial and temporal trends in
chlorophyll using data from
multiple programs operating in
the Bay-Delta.
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Approach
Task 1: Assessment methods used to measure in-situ chlorophyll fluorescence by
different monitoring programs in the Bay-Delta
A small group of experts from the major programs (USGS, DWR, USBR, and SFEI-ASC)
will summarize current practices for chlorophyll fluorescence measurements. At a
minimum, the assessment will cover the following topic areas:
● Types of sensors and sonde equipment used
● Sensor settings
● Calibration
● Deployment and retrieval protocols
● Sensor servicing and cleaning
● Quality assurance
● Post-processing and data correction
● Reporting
The assessment will only cover current methods in use by programs; it will not survey
past methods. Understanding the comparability of past methods to current methods is a
priority for some agencies (e.g., DWR that has been monitoring since the 1980s) but it is
beyond the scope of this effort.
A brief literature review will be conducted to ensure that this regional effort is informed
by national and other relevant guidance. This review will not be exhaustive. It will focus
on reports such as recent guidance/protocols for chlorophyll fluorescence sensors,
previous intercalibration exercises with chlorophyll fluorescence sensors, and key
foundational literature.
The deliverable for this task will be a short report on the results of the assessment,
highlighting differences in methods for in-situ chlorophyll fluorescence between the
major monitoring programs in the Bay-Delta, and the literature review. The report will
become part of the final report for the overall project to be completed by the workgroup
(Task 5)
For a schedule, the first step of this task will be prioritized to occur in July 2018. DWR
has plans to deploy multiple new chlorophyll fluorescence sensors in the summer of
2018. Having initial information from the first step of this task will be helpful for setting up
these sensors to be compatible with other major programs. The rest of the task will be
completed during the first six months of the project.

Task 2: Coordinate intercalibration exercises that can be used to show the effects
of different methods on sensor results
USGS will organize a series of field tests to measure chlorophyll fluorescence using
different equipment and methods. Participants in these field tests will include at a
minimum USGS, SFEI-ASC, DWR and USBR. The deliverable for this task will be a
presentation to the workgroup.
8
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Proposed Field Tests
● Side-by-side deployments by all programs that want to participate. Deployments
would be in two locations that span a range of chlorophyll fluorescence and
fDOM conditions (Mossdale and Montezuma Slough tentatively). Deployments
would be during the summer and fall bloom period in 2018. A minimum of 4-6
weeks of side-by-side data will be collected. All sondes would be installed at the
same depth in a common location and, at a minimum, will collect data on water
temperature, specific conductance, dissolved oxygen, pH, turbidity, and
chlorophyll fluorescence (and BGA and fDOM, if possible). The sondes will be
serviced at whatever frequency each program normally uses. At the conclusion
of the first side-by-side deployment, the organizers will decide if additional sideby-side deployments or a reproducibility study (described below) should be
performed next.

Other Possible Field Studies
● Reproducibility study. This type of study tests for how much variance is due to
operator, sonde type, or program protocols. Each program will send up to three
technicians with their own calibrated sondes out on a boat together (USGS
vessel). The boat will stop at a variety of sites. At each site, each technician will
measure chlorophyll fluorescence (averaged over a duration of 10 minutes to
reduce noise). Statistical analysis will be used to estimate the 95% confidence
intervals (error bars) within and between technicians and programs.

Task 3: Intercalibration study for laboratory chlorophyll-a measurements
Laboratory measurements of extracted chlorophyll-a are used to calibrate and validate
in-situ chlorophyll fluorescence measurements. Therefore, any effort to improve
comparability in chlorophyll data needs to address variance in both in-situ and laboratory
measurements. The proposed intercalibration study would show whether the
laboratories in the region report similar results when given a split sample of the same
water. Significant differences in the results between labs would trigger troubleshooting
by chemists to find and fix the source of the variance.
A. Inventory of the methods used by the major laboratories measuring chlorophyll-a
in the Bay-Delta and secure their participation.
a. The known laboratories for major programs are DWR’s Bryte Lab, USGS
National Lab, SFSU Romberg Tiburon Center, and UC Davis. All
laboratories will be allowed to be anonymous for the purposes of the
study.
b. A standardized survey instrument will be used to capture information on
the field and analytical methods used and quality assurance procedures.
B. Implement a “pre-coordination” round of analysis by participating laboratories.
a. For intercalibration study, the field samples will be collected by USGS
during an opportunistic cruise.
b. Samples will be collected during the summer growth period (July-Oct) at
stations where chlorophyll-a concentrations are expected to exceed 5
ug/L.
9
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c. A total three sampling rounds will be conducted. For each sampling
round, one large sample will be collected by peristaltic pump from 1 meter
below the surface. This large sample will be delivered to DWR to be split
between the participating laboratories using a churn splitter. Each
laboratory will receive triplicates of the sample in whatever format they
usually require (e.g., a filter, a whole water sample, or something else).
Each participating laboratory will receive three replicates of each sample.
d. For quality assurance, laboratories will also receive samples spiked with
known concentrations of an algal culture. This process of “standard
addition” will provide information on the accuracy of the methods used.
C. Analyze and report the results of the “pre-coordination” sampling round.
a. Results of the study will be evaluated by comparing the mean and range
of the triplicate samples from each laboratory. For a statistical evaluation
of all the data across the three sampling days, the overall mean of all
chlorophyll-a measurements from the same day will be subtracted from
each individual result from the same day as a measure of deviation from
the expected result. One-Way ANOVA will be used to determine whether
there are any laboratories with statistically significant differences in the
deviations.
b. Quality Assurance. The measurement quality objectives for chlorophyll-a
results by a single lab is presumed to be +/-30%. The goal of the study is
to have the between-laboratory variance in this same range. A power
analysis indicates that a sample size of 8 for each laboratory is needed to
detect 50% differences between laboratories (e.g., for lab means of 10,
10, 10, and 5 ug/L with assumed error of 3 ug/L). Therefore, collecting 3
rounds of triplicate samples (9 samples total for each lab) will have
sufficient sample size to detect between laboratory differences of
management interest.
D. Organize coordination meeting with laboratories. Hold a meeting with
representatives from the participating laboratories to discuss the results and
coordinate regarding methods.
E. Prepare final report. The final report will summarize the results of the test,
lessons learned, and recommendations.

Task 4: Convene a workgroup to summarize findings and recommendations
A workgroup of key practitioners will meet quarterly in FY18/19 to review the findings
from the field and laboratory intercalibration studies. The workgroup meetings in
FY17/18 have been highly productive and valued by the participants as a forum to learn
from each other and to discuss important issues. The workgroup will review outcomes
from the Tasks 1-3 and be responsible for developing a short report with conclusions
and recommendations for next steps. Participants in the workgroup will include USGSWSC, DWR, USBR, and SFEI/ASC at a minimum. At least one person who also sits on
the Delta RMP Nutrients Subcommittee will be part of the workgroup. Participation will
be open to any other interested parties.
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The deliverable for this task will be a summary report with recommendations for next
steps taking into account results from Tasks 1-4. The report will be submitted to the
Delta RMP committees but is expected to be shared widely among Bay-Delta monitoring
program once it is published.

Proposed Deliverables and Timeline
Table 2. Deliverables
Deliverable

Due Date

Task 1: Assessment of in-situ chlorophyll methods in use

Dec. 31, 2018 (final)

Task 2: Presentation to workgroup on field intercalibration exercises

Dec. 31, 2018

Task 3: Report on laboratory intercalibration study

March. 31, 2019

Task 4: Summary report with recommendations for next steps

April 30, 2019 (draft)
June 30, 2019 (final)

Table 3. Timeline
2018
Task

J

A

S

O

2019
N

D

Task 1 - Assessment of Methods

X

Task 2 - Field IC Exercises

X

Task 3 - Lab IC study

J

F

M

A

M

J

X

Task 4 - Workgroup Meetings

X

Task 4 - Summary Report

X

X

X
X

X = Deliverable due
= Activity

11

X

Revision Date: 3/6/18

Budget
Table 4 shows the estimated costs for this proposed special study.
Table 4. Proposed Budget
Task

Funding
Requested
for USGS

Funding
Requested
for SFEI-ASC

Total
Funding
Requested

In-Kind
Contributions
(details in
justification)

Task 1 - Assessment of Methods

$5,000

$0

$5,000

DWR, USBR

Task 2 - Field IC Exercises

$6,750

$5,250

$12,000

DWR, USBR

Task 3 - Lab IC Study

$4,300

$13,500

$17,800

DWR, USBR

Task 4 - Workgroup Meetings

$10,000

$20,000

$30,000

DWR, USBR

Task 4 – Summary Report

$10,000

$10,000

$20,000

DWR, USBR

Total Funding Requested

$36,050

$48,750

$84,800

Leveraged In-Kind Contributions

$104,927

Budget Justification
Project Costs
Task 1
• USGS will manage this task and prepare a summary report. The cost for this
effort is $5,000 (60 hours, mostly project manager time).
Task 2
• USGS will manage the field data collection for this task. The cost for this effort is:
$5,750 (56 hours, mostly technician time) + $1,000 for boat, vehicle, and fuel
expenses.
• SFEI-ASC will analyze the data from the field exercises and prepare a
presentation with the results. The cost for this effort is $5,250 (48 hours of effort,
mostly technician time).
Task 3
• SFEI-ASC will coordinate the laboratory intercalibration study and prepare a
short summary report with the results. The cost for this effort is $10,000 (70
hours of effort, mostly technician time).
• Up to $3,500 of direct costs are budgeted for sample shipping, supplies, and lab
fees. If laboratories agree to participate for free, costs will be reduced.
12
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•

USGS will collect the field samples for the field study and be responsible for
shipments to the laboratories. The cost for their participation is $3,300 (40 hours
mostly project manager time) +$1,000 for boat, vehicle, and fuel expenses.

Task 4
• SFEI-ASC will organize and facilitate 4 quarterly meetings of the workgroup.
Assuming 20 hours to prepare and run each meeting (80 hours) plus 40 hours for
project management for a total cost of $20,000.
• SFEI-ASC will also contribute to, edit, and ensure completion of the final report
(40 hours) for a total cost of $10,000.
• USGS will participate in 4 quarterly meetings and be the lead author in the final
report. Total funding required for these tasks is $20,000 (combination of senior
scientist and project manager time). This total cost has been split as $10,000 for
the workgroup meetings and $10,000 for the report.

Leveraged Funds and In-Kind Contributions
Leveraged funds are cash contributions from another source that pay for a part of the
scope of work. In-kind contributions are staff time or resources (e.g., boat time, lab
analyses) that are contributed to the project to complete the scope of work.
•
•
•
•

The DWR Office of Water Quality and Estuarine Ecology has authorized 6 staff to
participate in the study, which is an in-kind contribution of $33,939.
The DWR North Central Regional Office has authorized 2 staff to participate in
the study, which is an in-kind contribution of $19,400.
The DWR Bryte Lab will analyze 9 water samples for Task 4. Each analysis has
a value of $150/sample. Therefore, this service is an in-kind contribution of
$1,350.
The USBR Bay Delta Office has authorized 2 staff to participate in this study and
purchase of needed equipment/supplies. This is an in-kind contribution of
$20,238.

USGS is also funding a laboratory study on “Developing corrections for observed biases
on in situ chlorophyll fluorometers used in real time monitoring”. This study is directly
related to the objectives of this study. Therefore, its value of $30,000 is also considered
leveraged funds.
In FY17/18, the Nutrient Management Strategy for San Francisco Bay contributed
$15,000 to Phase I of this effort. This program will likely be willing to contribute a similar
amount in FY18/19 but the amount and the type of tasks it will choose to fund are not yet
known. The Steering Committee will decide on budgets for FY18/19 in June.

Reporting
The final deliverable from this project will be a technical report to the Delta RMP with the
results from FY18/19 tasks and recommendations for future work. The lead author for
13

Revision Date: 3/6/18

the study will be USGS but the report will be published by SFEI-ASC. Representatives
from other participating organizations will be co-authors. The report will be prepared in
the form of a manuscript to facilitate publication of some or all of the findings in the peerreviewed literature.

Optional Tasks for Future Funding
Achieving the high level goals of this study is expected to take several years.
Accordingly, the proposed tasks for FY18/19 do not cover the full range of effort that is
needed. The FY18/19 tasks will be useful to understand the scope of the problem, not
necessarily to diagnose its causes. The project team anticipates the following tasks will
be needed in FY19/20 plus recommendations that come out of the FY18/19 tasks.
Furthermore, maintaining consistency and compatibility of water quality monitoring
methods in the Delta must be an ongoing effort if it is to succeed. We envision an
annual “Bay-Delta Monitoring Training Academy” where technicians can maintain
proficiency in standard methods and share innovations.
Extension of Task 2: Coordinate intercalibration exercises that can be used to show the
effects of different methods on sensor results
● Share equipment between programs, e.g., exchange of sensors and calibration
check standards.
● Embed field crews from different programs to help identify where field methods
differ and to share knowledge.
● Purchase 3 probes (sequential serial numbers) for all programs to check for
variance in identical sensors and to remove variance from sensors of different
ages.
Extension of Task 3: Intercalibration study for laboratory chlorophyll-a measurements
● Implement a “post-coordination” round of analysis by participating laboratories.
The approach for this study would be the same as for the “pre-coordination”
round. The samples will be collected in April and May 2019. The purpose of the
post-coordination sampling round is to show improved correspondence between
laboratories after coordination.
Analyze existing data to understand the magnitude of factors affecting chlorophyll
fluorescence measurements
• For this task, existing data will be analyzed to understand the magnitude of the
impact of other factors on chlorophyll fluorescence measurements. The effects
that will be investigated are deployment depth, non-photochemical quenching,
fDOM, and turbidity. The deliverable for this task will be a presentation to the
workgroup.
● To understand if there is a large offset in chlorophyll fluorescence depending on
the depth of the sensor, analyze profile data at sonde locations collected by
USBR in the Deep Water Ship Channel (5 years of data). This dataset spans the
range of vertical mixing conditions that are likely to be encountered in the Delta.
The question to be addressed is: Do measurements of chlorophyll fluorescence
at the surface or at the bottom need to be adjusted to be representative of the
14
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●

●

overall water column in Bay-Delta channels? At all sites? At certain types of
sites?
To understand if non-photochemical quenching (NPQ) is an important factor,
analyze data collected during the day and the night (including grab samples for
laboratory analysis from USBR) within the same 24-hour period and with tidal
correction. The question to be addressed is: Does NPQ cause enough of an
effect in the Bay-Delta that chlorophyll fluorescence data needs to be correct for
this factor? If there is an important effect, one solution is to only use data
collected at night.
Analyze historic datasets where fDOM and turbidity have been measured to
determine the size of the effect that these water quality parameters have on the
measurement of chlorophyll fluorescence. It has already been established that
these parameters do affect chlorophyll fluorescence measurements. In some
cases, fDOM sensors have direct interference with fluorometers. However, the
magnitude of this effect and recommendations for correcting for it need to be
determined. The question to be addressed is: How large of an effect do fDOM
and turbidity have on chlorophyll fluorescence measurements in the Bay-Delta?
Laboratory experiments are needed to investigate direct “cross talk” between
fluorometers and fDOM sensors. That type of experiment is not proposed for this
study.

Develop standardized methods for in-situ fluorometers
• Standardized methods would improve the consistency of data collection across
the Bay-Delta. If the methods assessment (Task 1) and side-by-side
deployments (Task 2) indicate the need for standardization and the major
monitoring programs are willing to change their protocols, then a methods
manual could be developed.

Training for water quality monitoring technicians
● Hold a training for larger audience of technicians to disseminate the lessons
learned and common field protocols.
Analyze and collect data to relate chlorophyll fluorescence data to phytoplankton
biomass
● A long-term goal is to be able to use chlorophyll measurements to make accurate
assessments of phytoplankton biomass to inform important management
questions about productivity, nutrient management, and fisheries. The FY18/19
workplan is focused on improving the comparability of just the chlorophyll
measurements. In order to be ready for the next phase of the study, data to
relate chlorophyll to actual phytoplankton biomass should be analyzed. Some
data are already being collected as part of other studies (e.g., picoplankton and
taxonomy at some USGS stations). Additional data may need to be collected in
other locations to round out the dataset. Adding more sensors to some moored
stations to create “superstations” where the relationships between these sensors
and chlorophyll fluorescence is another option. Interpretation of phytoplankton
taxonomy data will require expanding the expertise in the workgroup to cover this
discipline.
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Summary of Proposal for FY18/19 Delta RMP Monitoring for Mercury
Title

Summary

Funding
Request

Leveraged
Resources

Monitoring to
Support
Implementation of
the Methylmercury
TMDL

Continued monitoring of sport fish and water is proposed to address the highest
priority information needs related to implementation and revision of the
Methylmercury TMDL (re-opening of the TMDL is tentatively scheduled for 2020).
Annual monitoring of sport fish will firmly establish baseline concentrations and
interannual variation in support of monitoring of long-term trends as a critical
performance measure for the TMDL. Monitoring of water on a near-monthly basis
will solidify the linkage analysis (the quantitative relationship between
methylmercury in water and methylmercury in sport fish) in the TMDL and be
valuable in verifying trends and patterns predicted by a numerical model of
methylmercury transport and cycling being developed for the Delta and Yolo
Bypass by the California Department of Water Resources (DWR) - this model will
allow testing of various water management scenarios.

$314,000

$30,000
(in-kind)

Ranking

Multi-Year Plan for Delta RMP Mercury Monitoring
Amounts in thousands of dollars.

Element
Fish Monitoring
Water Monitoring
Sediment Monitoring

Scope
6 sites
7 sites
5 sites, 4 months
6 sites, 8 months
8 sites, 10 months

Approved
FY16/17
$46

Approved
FY17/18
$52

Proposed
FY18/19

Planned
FY19/20

Planned
FY20/21

$61

$63

$65

$258

$266

$274

$65
$153

6 sites, 4 months

$29

Coordination, data
management, QA, reporting

$18

$25

$25

$46

$27

Total

$119

$259

$344

$374

$365

In-kind Match

$21

25

$30

$30

$30

Total from RMP

$108

234

$314

$344

$335
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Summary of Mercury Proposal for FY18/19
Workplan
Continued monitoring of sport fish and water is proposed to address the highest
priority information needs related to implementation and revision of the
Methylmercury TMDL (re-opening of the TMDL is tentatively scheduled for 2020).
Annual monitoring of sport fish will firmly establish baseline concentrations and
interannual variation in support of monitoring of long-term trends as a critical
performance measure for the TMDL. Monitoring of water on a near-monthly basis will
solidify the linkage analysis (the quantitative relationship between methylmercury in
water and methylmercury in sport fish) in the TMDL and be valuable in verifying
trends and patterns predicted by a numerical model of methylmercury transport and
cycling being developed for the Delta and Yolo Bypass by the California Department of
Water Resources (DWR) - this model will allow testing of various water management
scenarios.
The estimated cost to the Delta RMP for the proposed mercury monitoring is $314,000.

Management Drivers Addressed
Mercury monitoring addresses the Delta Methylmercury TMDL, which establishes
goals for cleanup and calls for a variety of control studies and actions.

Assessment Questions Addressed
Two tiers of assessment questions have been defined for the mercury monitoring
program. Primary assessment questions are those that are explicitly addressed by the
monitoring and drive the monitoring design. Secondary assessment questions are
addressed to some extent by the monitoring, but are not drivers of the monitoring
design. The monitoring will contribute some information on but will not fully answer
the secondary assessment questions.
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Primary Assessment Questions
Status and Trends
ST1.

What are the status and trends in ambient concentrations of
methylmercury and total mercury in sport fish and water, particularly in
subareas likely to be affected by major existing or new sources (e.g., largescale restoration projects)?
ST1.A.

Do trends over time in methylmercury in sport fish vary among
Delta subareas?

Sources, Pathways, Loadings & Processes
SPLP1.

Which sources, pathways and processes contribute most to observed levels
of methylmercury in fish?
SPLP1.A. What are the loads from tributaries to the Delta (measured at the
point where tributaries cross the boundary of the legal Delta)?

Fish-Water Linkage Analysis
(new priority question articulated by Mercury Subcommittee)
FWLA1. Are there key datasets needed to strengthen the technical foundation of
contaminant control programs?

Secondary Assessment Questions
Status and Trends
ST1.

What are the status and trends in ambient concentrations of
methylmercury and total mercury in sport fish and water, particularly in
subareas likely to be affected by major existing or new sources (e.g., largescale restoration projects)?
ST1.B.

How are ambient levels and trends affected by variability in climate,
hydrology, and ecology?
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Sources, Pathways, Loadings & Processes
SPLP1.

Which sources, pathways and processes contribute most to observed
levels of methylmercury in fish?
SPLP1.B. How do internal sources and processes influence methylmercury
levels in fish in the Delta?
SPLP1.C. How do currently uncontrollable sources (e.g., atmospheric
deposition, both as direct deposition to Delta surface waters and as
a contribution to nonpoint runoff) influence methylmercury levels
in fish in the Delta?

Forecasting Scenarios
FS1.

What will be the effects of in-progress and planned source controls,
restoration projects, and water management changes on ambient
methylmercury concentrations in fish in the Delta?

Data Quality Objectives/Null Hypothesis
The initial and preliminary data quality objective (DQO) is the ability to detect a trend
of mercury in fish tissue of 0.040 ppm/yr. This DQO can be refined when additional
data are available. The null hypothesis is that there is no trend. MQOs are identical to
those used in other mercury studies throughout the state and the country for
determinations of impairment and trend detection. These MQOs generally call for
indices of accuracy and precision to be within 25% to 30% of expected values.
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Monitoring to Support Implementation of the
Methylmercury TMDL
Executive Summary
Continued monitoring of sport fish and water is proposed to address the highest priority
information needs related to implementation and revision of the Methylmercury TMDL (reopening of the TMDL is tentatively scheduled for 2020). Annual monitoring of sport fish will
firmly establish baseline concentrations and interannual variation in support of monitoring of
long-term trends as a critical performance measure for the TMDL. Monitoring of water on a
near-monthly basis will solidify the linkage analysis (the quantitative relationship between
methylmercury in water and mercury in sport fish) in the TMDL and be valuable in verifying
trends and patterns predicted by a numerical model of methylmercury transport and cycling
being developed for the Delta and Yolo Bypass by the California Department of Water
Resources (DWR) - this model will allow testing of various land and water management
scenarios.

Background and Motivation
Concentrations of methylmercury in fish from the Delta exceed thresholds for protection of
human and wildlife health. The Methylmercury TMDL (Wood et al. 2010) is the driver of
actions to control methylmercury in the Delta, establishing water quality goals and directing
various discharger groups to conduct monitoring and implement measures to minimize
methylmercury impairment of beneficial uses.
The TMDL established three water quality objectives for methylmercury in fish tissue: 0.24 ppm
in muscle of large, trophic level four (TL4) fish such as black bass; 0.08 ppm in muscle of large
TL3 fish such as carp; and 0.03 ppm in whole TL2 and TL3 fish less than 50 mm in length.
Furthermore, the TMDL established an implementation goal of 0.24 ppm in largemouth bass at
a standard size of 350 mm as a means of ensuring that all of the fish tissue objectives are met.
Largemouth bass are widely distributed throughout the Delta and are excellent indicators of
spatial variation due to their small home ranges. Past data for largemouth bass were a
foundation for the development of the TMDL, including the division of the Delta into eight
subareas. Monitoring of largemouth bass in these subareas therefore provides the most critical
performance measure of progress in addressing methylmercury impairment in the Delta.
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The TMDL describes a statistically significant relationship between the annual average
concentration of methylmercury in unfiltered water and average mercury in 350 mm
largemouth bass when data are organized by subarea. This linkage provides a connection,
essential for management, between methylmercury inputs from various pathways (e.g.,
municipal wastewater, municipal stormwater, agricultural drainage, sediment flux in open
waters, and wetland restoration projects) and impairment of beneficial uses. Because of this
linkage, the TMDL established an implementation goal of 0.06 ng/L of unfiltered aqueous
methylmercury. In response to TMDL control study requirements, the Department of Water
Resources (DWR) is leading development of numerical methylmercury transport and cycling
simulation models for the Delta and Yolo Bypass. Monitoring of aqueous methylmercury is
therefore needed to:
1) better quantify the fish-water linkage that is the foundation of the TMDL,
2) evaluate attainment of the TMDL implementation goal,
3) support calculations of mercury and methylmercury loads and mass balances,
4) support development of mercury models for the Delta and Yolo Bypass, and
5) support evaluation of the fish data by providing information on processes and trends.
In FY 2016/2017 the Delta RMP initiated a methylmercury monitoring program for fish and
water. Largemouth bass were collected in late summer 2016 (September) from six locations
distributed across the subareas. Quarterly sampling of methylmercury and mercury (and
ancillary parameters) in water at five locations began in August 2016.
In FY 2017/2018, methylmercury monitoring of fish and water continued. Funding was
allocated to sample fish at six locations and water at six locations for eight months. The eight
months to be sampled were to be the March-October period used for the linkage analysis in the
TMDL. In late 2017, the Mercury Subcommittee decided that a more optimal use of the
available funds would be to shift to sampling water at eight locations (adding locations in the
West Delta and at the export pumps) and to add sampling in January and February (Table 1).
The FY 2017/2018 plan also included funds for quarterly sediment sampling to support the
DWR methylmercury modeling effort, and any future methylmercury modeling.
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Applicable Management Decisions and Assessment Questions
The Delta Methylmercury TMDL is the embodiment of management decisions for
methylmercury in the Delta, establishing goals for cleanup and calling for a variety of control
studies and actions. With providing information to support TMDL implementation in mind, the
Mercury Subcommittee carefully considered, refined, and prioritized the assessment questions
articulated by the Steering Committee and Technical Advisory Committee for mercury.
Two tiers of assessment questions have been defined for the mercury monitoring program.
Primary assessment questions are those that are explicitly addressed by the monitoring and
drive the monitoring design. Secondary assessment questions are addressed to some extent by
the monitoring, but are not drivers of the monitoring design. The monitoring will contribute
some information but will not fully answer the secondary assessment questions.
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Primary Assessment Questions
One priority question for this initial phase of methylmercury monitoring is from the Status and
Trends category of the DRMP management and assessment questions:
Status and Trends
ST1.

What are the status and trends in ambient concentrations of methylmercury and
total mercury in sport fish and water, particularly in subareas likely to be
affected by major existing or new sources (e.g., large-scale restoration projects)?
ST1.A.

Do trends over time in methylmercury in sport fish vary among Delta
subareas?

Question 1A is a high priority for managers that relates to the TMDL, and is a primary driver of
the sampling design for fish monitoring. Annual monitoring of fish mercury is urgently needed
to 1) firmly establish a baseline for each Delta subarea and 2) to characterize the degree of
interannual variation, which is essential to designing an efficient monitoring program for
detection of long-term trends. In addition to addressing status and trends, this monitoring will
establish a foundation for tracking the effectiveness of management actions - another category
of the Delta RMP core management questions.
Sources, Pathways, Loadings and Processes
SPLP1.

Which sources, pathways and processes contribute most to observed levels of
methylmercury in fish?
SPLP1.A. What are the loads from tributaries to the Delta (measured at the
point where tributaries cross the boundary of the legal Delta)?

A mass budget for methylmercury in the Delta is a critical element of the TMDL. The mass
budget provides essential context for understanding the importance of inputs from discharges
and internal sources and processes. Obtaining data to expand and update the dataset on
methylmercury inputs to the Delta is a high priority to support TMDL refinement and
implementation. Methylmercury export from the Delta is similarly an important component of
the mass budget and a high priority information need.
Fish-Water Linkage Analysis
(new priority question articulated by Mercury Subcommittee)
FWLA1.

Are there key datasets needed to strengthen the technical foundation of
contaminant control programs?
7
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Another priority question that will be addressed by this proposal relates to the linkage analysis
discussed in the previous section, which is a key element of the technical basis for the TMDL.
This question was not articulated in the core management questions and assessment questions
established by the Steering Committee, but was nevertheless identified as a priority by the
Mercury Subcommittee. Additional data on methylmercury in water is one of the key datasets
needed to strengthen the technical foundation of the TMDL.
Secondary Assessment Questions
ST1.

What are the status and trends in ambient concentrations of methylmercury and
total mercury in sport fish and water, particularly in subareas likely to be
affected by major existing or new sources (e.g., large-scale restoration projects)?
ST1.B.

How are ambient levels and trends affected by variability in climate,
hydrology, and ecology?

The time series for methylmercury in fish and water that are created to answer the primary
assessment questions will also be influenced by variation in climate, hydrology, and ecology,
and will provide information on the role of these factors. For example, the first two years of
monitoring have already spanned the end of a prolonged drought and a high flow year,
providing an opportunity to examine the impact of extreme variation in flow on methylmercury
concentrations in fish and water.
Sources, Pathways, Loadings and Processes
SPLP1.

Which sources, pathways and processes contribute most to observed levels of
methylmercury in fish?
SPLP1.B. How do internal sources and processes influence methylmercury
levels in fish in the Delta?
SPLP1.C. How do currently uncontrollable sources (e.g., atmospheric
deposition, both as direct deposition to Delta surface waters and as a
contribution to nonpoint runoff) influence methylmercury levels in
fish in the Delta?

Forecasting Scenarios
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FS1.

What will be the effects of in-progress and planned source controls, restoration
projects, and water management changes on ambient methylmercury
concentrations in fish in the Delta?

These secondary assessment questions relating to Sources, Pathways, Loadings, and Processes
and Forecasting Scenarios for this initial phase of methylmercury monitoring relate to one of the
major control studies called for in the TMDL: an effort to combine modeling, field data, and
laboratory studies to evaluate the potential effects of water project operational changes on
methylmercury in Delta channels. The Department of Water Resources (DWR) is currently
developing two mathematical models, one each for the Delta and Yolo Bypass, that will allow
testing of various water management scenarios (DiGiorgio et al. 2016). These models will be
useful in addressing this set of Delta RMP management questions. The opportunity to inform
these models, which are being developed with a considerable investment of funding from the
California Department of Water Resources (DWR), makes monitoring to address these
questions a near-term priority for the Delta RMP. The water monitoring included in this
proposal will generate data that are valuable for verifying trends and patterns predicted by the
methylmercury models.

Approach
Fish Sampling
Design
Key Indicator

7 fixed sites (Figure 1), largemouth bass only - adding a site in the West
Delta in this round
Annual average methylmercury in muscle fillet of 350 mm largemouth
bass (or similar predator species), derived through analysis of 16
individual bass or other predator species at each location

Parameters

Total mercury*, Total length, Fork length, Weight, Sex, Moisture,
Estimated age

Frequency

Annual

Schedule

Monitor through 2025 and then re-evaluate. Sample in summer or early
fall.
Water MeHg and Hg
Other water parameters

Co-location

Contractors

SFEI (design, data management, reporting), MLML (sample collection,
chemical analysis, reporting)

Coordination

DWR, USGS (sampling of flow monitoring stations)
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* Total mercury measured as proxy of methylmercury because methylmercury comprises more
than 90% of the total mercury in fish.

Summary of Results to Date
Results from the first year of DRMP methylmercury monitoring are presented in the Year One
Data Report (Davis et al. 2018). The report provides details on the sample collection and
processing, chemical analysis, quality assurance, and the results. Highlights of the results are
briefly discussed here.
Results from the first round of DRMP fish monitoring are presented in Figure 2, with data
from prior fish sampling in or near these stations provided for context. Time series with more
than three observations are available for four of the six locations. The existing time series are
characterized by a high degree of inconsistency in locations, species, and sampling approach
over time, highlighting the need to build a consistent dataset for trend evaluation. The data do
suggest a preliminary answer to management question 1A. The data suggest a decline in
concentrations at the San Joaquin River at Vernalis over the period of record, while
concentrations appeared to be stable at the other three locations. Therefore, the data give a
preliminary indication that trends do vary among the Delta subareas. Additional rounds of
consistent sampling are needed to confirm this preliminary interpretation.

Water Sampling
Design

Frequency

8 fixed sites (Figure 1) - adding sites for export from the Delta in this
round (Mallard Island in the west Delta and the Delta Mendota Canal
for a water project export site)
March-October average total (unfiltered) methylmercury at each
location
Total (unfiltered) methylmercury, filtered methylmercury, unfiltered
total mercury, filtered total mercury, suspended solids, chlorophyll a,
dissolved organic carbon (field filtered), volatile suspended solids.
Field measurements will include dissolved oxygen, pH, and specific
conductance.
Nutrients (ALK, NH3, CL, DOC, HARD, NO3/NO2, N (total), OPO4,
TPHOS, SiO2, SO4, TDS, TOC), grain size. Budget assumes these are
covered by other studies.
10 events per year (8 monthly events + 2 storm or winter events)

Schedule

Monitor through 2020 and then re-evaluate

Co-location

Sport fish sampling (at 7 of the sites, excluding Delta Mendota Canal)
Other water parameters

Key Indicator
Parameters

Other Important
Parameters
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Coordination

DWR, USGS (sampling of flow monitoring stations)

Summary of Results to Date
Results for March-October average total (unfiltered) methylmercury at each location for the first
year of sampling are briefly summarized here. Data for the other water parameters are
presented in the Year One Data Report (Davis et al. 2018).

Figure 3 presents long-term time series of March to October annual averages of total unfiltered
MeHg concentrations for Delta RMP sites. Sacramento River concentrations have remained
constant with good agreement between historic data and current data. Cache Slough 2016
concentration was lower than what was reported previously but the 2017 concentration was
within historic ranges. No historic data are available for Little Potato Slough. Middle River
MeHg concentrations were highly variable with 2016–17 concentrations within the range of
historic data. The San Joaquin River 2016 MeHg concentration was lower than previously
reported values. However, the 2017 measurement was the highest concentration ever reported
for this site.

Data Quality
The measurement quality objectives (MQOs) for measurements of methylmercury and mercury
in fish and water are shown in Appendix 1. These MQOs are the same as MQOs used in
mercury studies throughout California, with statewide fish monitoring by the Surface Water
Ambient Monitoring Program as a prominent example. The MQOs generally call for indices of
accuracy and precision to be within 25% to 30% of expected values. Data of this quality are
routinely used for determinations of impairment and trend detection throughout the state and
the country. The variance attributable to the analytical process is one of the contributors to the
overall variance observed in the data. This variance is therefore accounted for in the power
estimates provided in the next section.

Power to Detect Long-term Trends - Fish Sampling
The power to detect interannual trends in largemouth bass mercury on a per site basis was
evaluated using existing data. Even the best existing time series for the Delta have low statistical
power to detect trends due to infrequent sampling and varying sampling designs of studies
performed over the years (Figure 2). One of the goals of the initial phase of Delta RMP fish
mercury monitoring is to obtain robust information on interannual variation to support future
11
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power analysis. As part of the mercury proposal for FY 2017/2018 we conducted a power
analysis on the small amount of information presently on hand. Appendix 2 provides the
methods and details on the results. This analysis will be updated after a few years of new data
have accumulated.

Power analysis summary
Power for trend detection at a single site based on grand mean estimates of observed variance
across sites. Pink shading indicates scenarios with greater than 80% power.

These preliminary results indicate that increasing the number of fish per site would be effective
in increasing power. With 16 fish per site and annual sampling, 80% power would be expected
for several of the 20-year scenarios. Beginning with year 2 (FY 2017/2018) the design for fish
monitoring was therefore being modified to include 16 fish per site. The monitoring results for
the San Joaquin at Vernalis suggest that trends of up to 0.040 ppm/yr are possible. The results
highlight the importance of initiating consistent time series.

Power Analysis - Water Sampling
Not applicable. The primary objectives of the water sampling are to strengthen the linkage
analysis and support model development. The water monitoring is not intended as a tool for
long-term trend monitoring.
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Reporting/Deliverables
Deliverable

Due Date

Draft Data Report on Year 2 (FY 17/18)

December 2018

Final Data Report on Year 2 (FY 17/18)

February 2019

Draft Data Report on Year 3 (FY 18/19)

December 2019

Final Data Report on Year 3 (FY 18/19)

February 2020
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Budget
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Table 1.

Sampling schedule for Delta RMP mercury monitoring. The March-October period used for the linkage
analysis in the TMDL is indicated in bold font.
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Figure 1.

Planned sampling sites for methylmercury in FY18/19.
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Figure 2.

Long-term time series of mean mercury (ppm wet weight) in black bass for Delta
RMP stations and nearby stations sampled historically. Details on following
page.
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Figure 2 Details
Points generally show 350 mm length-adjusted means (exceptions to this noted in plot details
below) and error bars indicate two times the standard error. Filled symbols indicate 350 mm
length-adjusted means, hollow symbols indicate individual composite samples or arithmetic
means when the station did not have a significant length:mercury correlation. Diamonds
indicate largemouth bass; squares are spotted bass; circles are smallmouth bass. Data sources:
Delta RMP - 2016; the Surface Water Ambient Monitoring Program (Davis et al. 2013) - 2011; the
Fish Mercury Project (Melwani et al. 2009) - 2005-2007; the CALFED Mercury Project (Davis et
al. 2003) - 1999-2000; the Delta Fish Study (Davis et al. 2000) - 1998; and the Sacramento River
Watershed Program (2002) - 1998.
Sacramento River at Freeport
Stations - Freeport: 2016; RM44: All other years
Statistics - Individual composite results: 1998; 350 mm length adjusted mean: all other years
Lower Mokelumne River 6
Stations - Lower Mokelumne River 6: 2016; Mokelumne River near I-5: 2011; Lost Slough: 2005;
Mokelumne River downstream of the Cosumnes River: 1999, 2000
Cache Slough at Liberty Island Mouth
Stations - Cache Slough at Liberty Island Mouth: 2016; Prospect Slough: 2005, 2007
Little Potato Slough
Stations - Little Potato Slough: 2016; Potato Slough (aka San Joaquin River at Potato Slough):
2005, 2007
Middle River at Borden Hwy (Hwy 4)
Stations - Middle River at Borden Hwy (Hwy 4): 2016; Middle River near Empire Cut: 2011;
Middle River at Bullfrog: 1998, 1999, 2007; Middle River at HWY 4: 2005
Statistics - Individual composite result: 1998; 350 mm length adjusted mean: all other years
San Joaquin River at Vernalis
Stations - Same station all years
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Figure 3.

Annual mean aqueous unfiltered methylmercury concentration at each Delta
RMP monitoring station sampled from August 2016 through April 2017. Plots
based on March-October data.
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CEC Pilot Study Report Back to Steering Committee
The Steering Committee directed the TAC to evaluate the CEC Work Plan to identify the
following:
1) Technical improvements that would significantly improve outcomes that don’t make
significant changes to the overall scope
2) Collaboration opportunities and optimization of sampling locations and times to leverage
resources
STAKEHOLDER GROUP COLLABORATION
The Stakeholder group that developed the Work Plan included MS4s, POTWs, the Regional
Water Board and the State Water Resources Control Board. Work plan review and revision
meetings over the last two years were coordinated by the Regional Water Board:
9/1/16 MS4/POTW
10/26/16 MS4/POTW
11/15/16 POTW
4/18/17 MS4
4/25/17 Workshop Planning
5/1-2/17 CEC Workshop
7/6/17 MS4
7/24/17 POTW
8/31/17 MS4/POTW Coordination
9/18/17 MS4/POTW Coordination
12/5/17 MS4/POTW Coordination
12/7/17 Regional Board Information Item
2/13/18 Draft Work Plan Review
3/19/18 Conditional Approval coordination
4/9/18 TAC CEC Subcommittee
The MS4s and POTWS separately submitted concept proposals in April 2017 to address the
specific study requirements in the State Water Resources Control Board Monitoring Plan. A
combined work plan was submitted to the Regional Water Board on January 10, 2018 and
another draft was submitted to the Regional Water Board on March 30, 2018 to address the
February 16, 2018 conditional approval letter.
TAC and SFEI review of the draft Work Plan identified some technical clarifications and minor
modifications that were made to the March 30, 2018 Work Plan. Key technical comments
received, and collaboration opportunities are described in the following two sections to report
back to the Steering Committee.

v20180416
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1.

TECHNICAL COMMENTS AND FUTURE STUDY CONSIDERATIONS

Stakeholders and external reviewers identified additional program elements as potentially
beneficial. In general, these suggestions broadened or changed the intended focus of the pilot
study. CECs are a broad class of constituents with complex effects on aquatic life such that the
research and study areas are evolving quickly. Comments are summarized below along with how
they were addressed in the Work Plan or otherwise identified for consideration in future studies
beyond this Work Plan.
•

•
•

•

•

Addition of a wider range of constituents, including microplastics and urban runoff focused
constituents based on other study reports (SFEI and TAC comment). Though not included in
this Work Plan, additional constituents could be analyzed as part of the specified analytical
methods, including the chlorinated phosphates, caffeine, and other hormones, personal care
products, and pharmaceuticals. The Work Plan includes CECs based on the State Water
Board Monitoring Plan and SCCRWP Guidance Document. Significant deviations change
the narrower focus of this pilot study. However, findings from this and other studies could be
used to inform future CEC work plan development.
Addition of a downstream site that aggregates Delta flows would be valuable to any future
modeling efforts as a downstream boundary (SFEI comment). Additional downstream sites
could be identified if funding is available.
Addition of PFOA/PFOS in water column which have previously been found in Bay Area
work, while removing PFOA/PFOS in bivalve tissue because it is infrequently detected
(SFEI comment). The Work Plan was annotated to include this modification as a
consideration.
Bioanalytical and toxicity testing is included in the State Water Board Monitoring Plan in
sections outside of the MS4 and POTW specific tasks and monitoring questions.
Bioanalytical methods can be useful but are not readily performed by commercial
laboratories and are more appropriate for research activities for most marker types.
Bioanalytical work could be performed if funding and sample administration support become
available.
Focusing the study on sources or smaller tributary subwatersheds (State Board and EPA
comment) could provide more detected concentration information in that the “signal” from
sources can degrade further downstream through dilution, chemical degradation, or removal
from the water column. Other studies in the main stem Sacramento River (e.g., Biales 2015)
noted the difficulty in identifying a causative agent for aquatic life (sublethal) effects, though
the target constituents were slightly different from the Work Plan. Screening the possible
sources first would target stronger signals and worst-case conditions for aquatic life exposure
effects. This approach was discussed by the Technical Workgroup that developed the Work
Plan, which instead staged source evaluations for years No. 2 and 3 of the study. The Work
Plan approach is consistent with the State Water Resources Control Board Monitoring Plan,
which included main stem river, tributary, and source monitoring that are all included in the
Work Plan. Future studies could focus on subwatersheds.

v20180416
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2.

IDENTIFIED COORDINATION OPPORTUNITIES

The coordination opportunities below should be evaluated to reduce costs and provide
consistency through common sample collection protocols. It may be possible with additional
funding to have these programs expand or modify their activities to better match this Work Plan.
Because this Work Plan is an initial pilot and screening effort, it should also consider
modifications to locations and frequencies to leverage these coordination opportunities,
especially if funding sources are not sufficient. A more detailed coordination plan will be
developed as part of the QAPP or other planning documents.
•

•
•
•

•
•

Delta RMP Mercury Study includes water column and fish tissue sample collection:
o Water column sample collection eight to ten times per year
o Annual fish tissue sample collection (largemouth bass)
o Sacramento River at Freeport and San Joaquin River at Vernalis are only sites in
common
o May be possible to add locations or fish tissue events
o Additional water quality samples could be collected in lieu of fish tissue samples
Delta RMP Pesticide Study is under development for FY18-19 and may be able to
accommodate water column sample collection.
Department of Water Resources Environmental Monitoring Program benthic sample
collection includes bivalve sample collection at one of the proposed Work Plan sites and may
be able to provide additional in-kind funded services.
Stream Pollution Trends Monitoring Program (SPoT) collects sediment samples
statewide with historical locations at American River at Discovery Park, Sacramento River at
Clarksburg, and San Joaquin River at Vernalis. Sample collection included sediment toxicity
monitoring as well as contaminant concentration in sediments, including PBDE. These sites
were anticipated in the 2018-2020 SPoT work plan 1.
Department of Pesticide Regulation (DPR) statewide surface water monitoring includes
urban runoff characterization within the Central Valley and some surface waters.
Source monitoring may be coordinated with other sample collection through in-kind
participation and if the schedules and locations coincide.

Sample collection protocols should be coordinated and adequately evaluated through quality
control samples and adequate documentation of any variances from sample collection or
handling protocols.

1

Email communication from Bryn Phillips, Department of Environmental Toxicology, University of California,
Davis, Granite Canyon Laboratory (February 16, 2018). SPoT work plan development will not be confirmed until
May 2018 following the April 4, 2018 SPoT Science Committee meeting.
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7.B. Technical Advisory Committee (TAC)
Under direction of the SC, the TAC provides technical support to the Delta RMP. It consists of
technical representatives from the Delta RMP Participant Groups, with technical and
administrative support from the Implementing Entity.
The TAC makes recommendations to the SC based on technical evaluation of proposed or
existing program elements. The TAC provides technical recommendations with options and
justifications based on the priorities and resource allocations set by the SC. The SC then considers
TAC recommendations in formulating their decisions. Recommendations should be reached
through consensus. In the event that the TAC representatives cannot come to consensus on a
recommendation, majority and minority opinions should be reported to the SC (See Section 7.B.6
for more details on the TAC decision-making process). The Coordinating Committee
communicates SC direction to the TAC through the Implementing Entity and the TAC CoChairs.
The responsibilities of the TAC are to:


respond to action items and specific requests from the Steering Committee as
communicated through the record of decision and action item compilation prepared by
the Implementing Entity and reviewed by the Coordinating Committee;



assist the SC in developing, reviewing, and revising the Delta RMP’s monitoring design
and special studies to ensure responsiveness to the management and assessment
questions, consistent with the priorities and funding set by the Steering Committee;



report to the SC on technical issues and guide the development of white papers as
requested by the SC;



select and convene subcommittees to develop monitoring designs and provide guidance
on specific technical issues, with members drawn from both within and outside the TAC,
as needed, to include specialized scientific or technical expertise not fully represented on
the TAC;
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review subcommittee recommendations to the Steering Committee for monitoring design
and other technical requests from the Steering Committee;



provide technical review and recommendations to the SC on project proposals;



provide technical review and recommendations to the SC on policies being considered
for adoption;


provide technical review of the planning, development, and publication of Delta
RMP communication products, including the Pulse of the Delta report;



request clarification from the Coordinating Committee/Steering Committee if
instructions or action items to the TAC are unclear; and



work collaboratively to examine technical issues and develop advice and
recommendations for the SC.

7.B.1 Technical Advisory Committee Membership
The TAC consists of experts in water quality, estuarine science, and related fields who are able to
provide scientific opinions on the broad range of subject areas related to the Delta RMP’s
activities. TAC members will be drawn from Participant Groups represented on the SC. Each
designated SC member designates one person to sit on the TAC. Thus, the membership of the
TAC consists of technical representatives of the groups represented on the SC. That is,
membership of the TAC will reflect the membership of the SC (i.e., there will be the same
number of representatives from each of the Participant Groups on the TAC and the SC).
TAC members shall serve at the discretion of the Participant Groups they represent (i.e., they
may be removed at any time) and shall be explicitly reconfirmed every two years. An individual
representing a Participant Group can serve indefinitely with the support of their group.
In particular instances (e.g., a represented group has only a few staff with the appropriate
expertise), a SC member or alternate may serve on the TAC. If a particular issue comes up that
may create a conflict of interest, the SC member serving on the TAC would recuse themselves
from decisions on the SC.
18
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A conflict of interest may also arise if members of the TAC or its subcommittees have a direct
financial interest in a funding recommendation or decision (e.g., a consultant or researcher
intending to bid on a contract for a proposed program activity). The participation of local
scientists in planning processes can bring tremendous value to the RMP, but the RMP needs to
ensure that the monitoring that is recommended and performed is not inappropriately biased by
scientists who may have a conflict of interest. In cases where a conflict of interest exists, the TAC
or subcommittee members will recuse themselves from funding recommendations. External peer
review of workplans and products by scientists with no financial interest in the work to be done
is essential not only to attaining high standards of scientific rigor, but also to provide a
mechanism for preventing the inappropriate influence of scientists with a conflict of interest.
This practice is consistent with the Conflict of Interest Policy in Section 8.
Attachment 2 contains the current roster of the TAC members. This attachment may be updated
as needed without requiring a vote to update the whole Charter document.
7.B.2 Technical Advisory Committee Representative Resignation and Replacement
Representatives may resign from the TAC at their choosing. If this occurs, the Participant Group
will be notified and will be requested to select a new Representative for the Group. The
Representative resigning will provide written resignation communication (e.g., letter, email) to
the Steering Committee Co-Chairs, TAC Co-Chairs, the Implementing Entity, and any other
Steering Committee representatives of that Participant Group.
7.B.3 TAC Co-Chairs
The Co-Chairs coordinate the TAC’s oversight of the technical content and quality of the RMP,
co-chair TAC meetings, and help ensure review of all program proposals and technical products.
They also provide a communication link between the SC, TAC and Implementing Entity as
members of the Coordinating Committee and help ensure consistencies and resolve timing and
scheduling issues between the SC, TAC, and subcommittees. The members of the TAC will
appoint two Co-Chairs for a two-year term. The selection of the Co-Chairs is subject to review by
the Steering Committee. The Co-Chairs can serve indefinitely with the support of the TAC and
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the SC. A qualified Co-Chair has a broad understanding of scientific issues in the Delta and can
provide strong leadership, meeting management, and direction to the group.
7.B.4 TAC Subcommittees
If there is need for additional expertise, subcommittees may be formed that report to the TAC.
The subcommittees may have representatives from the Participant Groups as well as other
sectors, such as academia, nongovernmental agencies, government agencies, and industry. The
TAC will determine the makeup of Participant Groups on the subcommittee and evaluate the
need for external expertise. If a subcommittee composition is not agreed upon by the TAC, the
Steering Committee will determine the subcommittee members, considering recommendations
from the TAC. A subcommittee formed to develop a specific monitoring design should be
consulted about modifications to the subcommittees recommended design before any changes
are presented to the TAC for recommendations to the Steering Committee. In addition, the TAC
may recommend to the SC that the Implementing Entity convene appropriate science advisory
panels and/or independent experts for program reviews, specific projects, initiatives, reports,
and studies.
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