= Inflow
=» Exports and Intakes

CVP - Central Valley Project

SWP - State Water Project

NBA - North Bay Aqueduct

Rock Sl - Rock Slough (CCWD)

Old River - Old River (CCWD)

MR - Middle River at Victoria (CCWD)

® BAAQMD Wind Station
CIMIS Weather Station
e DICU Node

Elevation
[m NAVDSS]
>75

Hugo B. Fischer
Award Presentation

Carneros Napa
Petaluma

Sonoma

Novato
X

Novato

Michael L. MacWilliams, PhD, PE
April 17, 2023

ANCHOR
QEAEEE

San Carlos

San Francisquito
Matadero

Sacramento plo Bypass

B Control Structure : 4

DCC - Delta Cross Channel
CCF - Clifton Court Forebay
Radial Gates

MR - Middle River
GLC - Grant Line Canal
ORT - 0Old River at Tracy
HOR - Head of Old River
SMS - Sand Mound Slough
SMSCG
Salinity Control Gates
GYS - Goodyear Slough

— Suisun Marsh

Suisun Valley

Pittsburg

fsvsce &) ke ~ ’
‘4&"\
Bethel Islan ‘

Old River

Oakland Hills

San Lorenzo

Union City
Alameda FCC

Fremont
Coyote Cr

DB R san Jose wpcP

Saratoga Guadalupe

American

Cosumnes

Mokelumne

Calaveras

San Joaquin




Thank Youl!

J. Keith Rigby

* Robert Street

» Peter Kitanidis

* Vincenzo Casulli
* Ed Gross

» Ralph Cheng

« Wim Kimmerer
* John DeGeorge
* Richard Rachiele
» Steve Monismith

Frank Wu

Bruce Herbold
Aaron Bever

Ted Sommer
UnTRIM User Group

Data collectors and
data repositories

Many other clients
and collaborators

My family

Sacramento

Elevaton = Inflow
[mNAVDSE] oy Exports and Intakes

275
5 CVP - Central Valley Project
0 SWP - State Water Project
NBA - North Bay Aqueduct
Rock S| - Rock Slough (CCWD)
=10 o1d River - Old River (CCWD)
-15 MR - Middle River at Victoria (CCWD)

-5

-20 ® BAAQMD Wind Station
_25 CIMIS Weather Station
<-30 e DICU Node

@ Control Structure
DCC - Delta Cross Channel
CCF - Clifton Court Forebay

Radial Gates
MA - Middle River
GLC - Grant Line Canal
ORT - Old River at Tracy
HOR - Head of Old River
SMS - Sand Mound Slough
SMSCG - Suisun Marsh
Salinity Control Gates
GYS - Goodyear Slough




Simulating Periodic Stratification in the San Francisco Estuary

Twen ty Years of Delta Model <~ S

Three-dimensional simulations of circulation in the San Francisco Estuary were
performed with the three-dimensional hydrodynamic model, TRIM3D, using a generic
length scale turbulence closure model. The model was calibrated to reproduce observed
tidal clevations and tidal currents in the San Francisco Estuary and then was applied

during a period of intensive data collection. The model predicts tidal currents accurately
and realistically simulates variability in salinity ut both the scasonal and tidal time scale.
‘The model results are consistent with the current conceptual understanding of

stratification in the San Francisco Estuary and approximately predict the magnitude and
tidal phasing of observed stratification. The simulation results were analyzed to improve
understanding of periodic stratification. During spring tides, compression of salinity
gradients near high water and weak tidal currents at and following high water allow the

formation of weak and transient stratification. During neap tides stronger stratification is
observed and predicted. This stratification is strongest during ebb when tidal straining is
effective in creating stratification. Vertical turbulent mixing may be adequate to diminish
— vertical stratification during strong ebb tides while stratification can persist or increase
through weak ebb tides.

Introduction

The hydrodynamic modeling effort presented is part of a larger effort to better understand
the effects of freshwater inflow on the abundance of estuarine biota in the San Francisco

Estuary (defined as the body of water from the Delta to the Golden Gate, including South
San Francisco Bay, Central San Francisco Bay, San Pablo Bay, Carquinez Strait, Suisun

Bay and the Sacramento-San Joaquin Delta). Freshwater flow into the San Francisco
Estuary s regulated in part using a salinity standard defined as the position of 2 psu
(practical salinity units) bottom salinity. The location of 2 psu bottom salinity, known as
Xa. is reported as distance along the channel in kilometers from the Golden Gate (Jassby
et al. 1995). The X standard was developed based on observations that the survival and
abundance of several estuarine fish species corelate with X; (Jassby et al. 1995)
Mechanisms behind these correlations are unknown, but for some specics they may be
linked to the timing, location, and frequency of stratification in the estuary (Kimmerer
2004). We are using the TRIM3D model 10 investigate plausible mechanisms involving
stratification, and must thercfore ensure that the prediction of stratification by the model
is realistic.

! Baviroamental Consaltant, 1777 Spruce Street, Berkeley, CA, 94709, ed. gross @ baymodeling com
* Environmental Consultans, P.O. Box 225174, San Francisco, CA 94123, michael @rivermodeling com
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THREE-DIMENSIONAL H\ DROD\\ AMIC MODELING

Twenty Years of Delta Model
Advancements i

ABSTRACT

A three-dimensional bydrodynamic model of San Francisco Bay was developed using the

three-dimensional hydrodynamic model UnTRIM. The model was calibrated using contmuous
‘water level measurements and ADCP data in San Francisco Bay. and validated duning an additional
simulation period usig curent velocity measurements. The model was developed to support the
— Hamilton Wetlands Restoration Project, a joint undertaking by the US. Ammy Corps of Engineers
2nd the California Coastal Conservancy o restore 26 ks’ of il marsh bordering San Pablo Bay
The restoration effort is expected to make use of more than 8.1 million m’ of dredged materials to

mse the clevation of sbsided wetinds. The placement of mn Aquatic Transéer Facilty (ATF) in
San Pablo By is being consdered by the U. S. Ammy Corps of Engineers to serve a5 a temporary
bolding site for dze sediments before they are transferred to the  Hamilton Wetlands restoration

aite. The San Francisco Bay model presented in this paper was developed as part of a larger study to
evaluate potential mpacts of the proposed ATF on circulation and sediment transport dynamics in
] San Pablo Bay. This paper presents the model calibration and validation, while the full malysis of

/ proposed ATF conditions is presented in 2 separate technical report

1. INTRODUCTION

A three-dimensional hydrodynamic model of San Francisco Bay was developed as part of the
Hamilton Wetlands Restoration Project., a jomt undertaking by the U S. Army Carps of Enzineers
and the Califorma Coastel Conservancy. It 13 estimated that 85 to 90 percent of the hustonc tdal
‘marshes bordering San Francisco By have been filled or sigmificantly altered over the past two
clmaicn (SESP 2000) T Fsamili: Wi Radcraios Pcfct s gt of & prowing aftt
restore 2 portion of these former marshes to tidal action. The Hamill lton Wetlands Restoration site,
Historically dominated by 6l st manch Babia, wascoaveted it b0 agiculoa od he ot e

25 the Hamilton Army Airfield (USACE, 1988). Since the site was originally diked, it has subsided
i o Vet s i okt b ot ok U1 i of dredged materals are
expected fo be used to raise the elevation of these subsided wetlands (USACE. 1988). In order o
faculitate the transfer of dredged matenal to the project site. and Aquatic Transfer Facility (ATF) 15
being considered by the U.S. Army Corps of Engmeers o serve a5 a temporary holdmg site for
dredge sediments before they are wansferred to the Hamulton Wetlands Restoration site. The basic
concept of the ATF consists of an excavated basin located in relatively deep water which can be

Exvrounenil Cousaas $ 0 Box 235174, 508 Fancico, CA B4123-5173 USA (el rmarmndaing cox)

* Project Clu S Geolegical & fealo Pack. CA 9403

Source: MacWilliams and Cheng 2006
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ABSTRACT

Thiee.dimensioml simlations of circulation in the S Francisco Estuary were
perfonmed with the s | unstructared grid model UnTRIM. The
model was developed to support the Delta Risk Management Strategy (DRMS) funded by the
California Department of Water Resources. The model applications build on previous TRIM
and UnTRIM applications. A model gnd connistng of quadnlaterals and triangles was
developed that extends from the Pacific Ocean thiough San Francisco Bay and further into the
Sacramento-San Joaquin Delta than previous TRIM and UnTRIM spplications.
state-of-the-art nrbulence closure was incorporated into the UnTRIM model from the TPl'M
model. This paper describes a portion of the kydrodynamic and salmty calibration of the
resulting San Francisco Estaary UnTRIM model

Keywords: three-dimensional, unstructured gnd, estuary, salinuty, UnTRIM, San Francisco
Bay. Sacramento-San Joaquin Delta, twbulence closure, generic length scale. calibration

1 INTRODUCTION

The Sacramento-San Joaquia Delta is a eritical resource 1o the state of California because
the Delta s a source of drinking water for roughly 2 out of 3 Californians. However, the 2.800
ke’ of islands in the Delta regaon are at risk of inundation from levee fahures. These deeply
subsided islands are protected by levees typically 4 to 5 meters high which are, in most cases
Dot engineered levees and are constructed partially with peat and other weak and compressible
soils. The Delta Risk Management Study has been funded by the California Department of
Water Resources (DWR) to “look at sustamabilty of the Delta. and .... assess major nsks to
the Delta resources fom floods, seepage, subsidence, and earthquakes ™ Part of this effort
mvolves the application of hydrodynamuc models to estimate the effect of levee falures on
salinity in the Delta. Leves failures in the Delta generally rasult m increased salinity as islands
flood and brackish water from Suisun Bay is entrained into the Delta. Increased salimity can
result m exceedence of water quality objectives for drinking Water causing interuption of
wates exports, resuling in a large economic impact

Several hydrodynamuc and water quality simmlation tools are applied m the DRMS
project, ranging from a tidally-averaged advection-dispersion model, which can pesform a
year of salimity projections m | mumnte of computation time, to the sophusticated and
computationally intensive three-dimensiona] model described here. The first phase of the
DRMS work mvolves quntification of nisk and consequences of Delta levee falures while
the second phase will evaluate risk reduction actions that can be taken to reduce risks of levee.
failures and the impacts of levee failures

Source: MacWilliams et al. 2007
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Three-Dimensional Modeling of Hydrodynamics and
Salinity in the San Francisco Estuary: An Evaluation of
Model Accuracy, X2, and the Low-Salinity Zone

Michael L MacWillisms*', Asron J. Bever', Edward S. Gross?, Gerard S. Ketefian?, and Wim J. Kimmerer

Yoleme 13, sy

ABSTRACT

The three-dimensional UnTRIM San Francisco Bay-
Delta model was applied 1o simulate tidal hydro-
dynamics and salinity in the San Francisco Estuary
(estuary) using an unstructured grid. We compared
model predictions to observations of water level,
tidal flow, current speed, and salinity collected at
137 locations throughout the estuary. A quantita-
tive approach based on multiple model assessment
metrics was used to evaluate the model’s accuracy
for each comparison. These comparisons demonstrate
that the model accurately predicted water level, tidal
flow, and salinity during a 3-year simulation period
that spanned a large range of flow and salinity con-
ditions. The model is therefore suitable for detailed
investigation of circulation patterns and salinity dis-
tributions in the estuary.

The model was used to investigate the location, and
spatial and temporal extent of the low-salinity zone
(1.57), defined by salinity between 0.5 and 6 psu. We
calculated X2, the distance up the axis of the estu-
ary to the daily-averaged 2-psu near-bed salinity,
and the spatial extent of the LSZ for cach day during
the 3-year simulation, The location, area, volume,

and average depth of the low-salinity zone varied
with X2: however this variation was not monotonic
and was largely controlled by the geometry of the

estuary.

We used predicted daily X2 values and the corre-
sponding daily Delta outflow for each day during
the 3-year simulation to develop a new equation to
relate X2 to Delta outflow. This cquation provides

a conceptual improvement over previous equations
by allowing the time constant for daily changes in
X2 to vary with flow conditions. This improvement
resulted in a smaller average crror in X2 prediction
than previous equations. These analyses demonstrate
that a well-calibrated three-dimensional (3-D) hydro-
dynamic model is a valuable tool for investigating
the salinity distributions in the estuary, and their
influence on the distribution and abundance of phys-
ical habitat

Source: MacWilliams et al. 2015
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Simulating sediment transport processes in San Pablo Bay using coupled
hydrodynamic, wave, and sediment transport models

Sediment Transport and Morphology
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Standards for Assessment of Model

Accurac

Model accuracy

Water level

Flow

Salinity

Current speed

Skill accuracy

Accurate

>0.975

>0.975

>0.85

>0.9

Acceptable

0.95-0.975

0.95-0.975

0.7-0.85

08-0.9

Poor agreement

<0.95

<0.95

<0.7

<0.8

Target accuracy

Very accurate

0.0-0.25

Accurate
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Acceptable

0:5-1.0

Poor agreement

> 1.0

w
[y

Q
—

Salinity [psu]
= NN W
w o (4] (=]
T T T T

=3

| A VAV VAV AN AV AV ‘\f\f\J\‘f\/\"l\/\/\f‘

05M15/94

[}
[

05/18/94 05/21/94

05/24/94

b)

= NN W
- -1

Tidally Averaged Salinity [psu]

-3
i

A

0
04/01/94

04/01/95

04/01/96

04/01/97

c)

Predicted Salinity [psu]

-
=]

o

0
0

05/27/94 05/30/94

— ¥ =1.008X-0.082 -
Lag=9
F=0870
Skill = 0.892 "t
Ed
'
A -,
Mean Obs =2.15
Mean Pred = 2.08
5 10 15

Observed Salinity [psu]

A

1.5

1.5 2
ubl’IMSDN

SAN FRANCISCO

& wmm

Three Dlmensmnal Modelmg of Hydrodynamics and
Salinity in the San Francisco Estuary: An Evaluation of
Model Accuracy, X2, and the Low-Salinity Zone
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ABSTRACT
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The three-dimensional UnTRIM San Francisco Bay-
Delta model was applied to simulate tidal hydro-
dynamics and salinity in the San Francisco Estuary
(estuary) using an unstructured grid. We compared
model predictions to observations of water level,
tidal flow, current speed, and salinity collected at
137 locations throughout the estuary. A quantita-
tive approach based on multiple model assessment
metrics was used to evaluate the model's accuracy
for each comparison. These comparisons demonstrate
that the model accurately predicted water level, tidal
flow, and salinity during a 3-year simulation period
that spanned a large range of flow and salinity con-
ditions. The model is therefore suitable for detailed
investigation of circulation patterns and salinity dis-
tributions in the estuary.

The model was used to investigate the location, and
spatial and temporal extent of the low-salinity zone
(157), defined by salinity between 0.5 and 6 psu. We
calculated X2, the distance up the axis of the estu-
ary to the daily-averaged 2-psu near-bed salinity,
and the spatial extent of the LSZ for cach day during
the 3-year simulation, The location, area, volume,

and average depth of the low-salinity zone varied
with X2: however this variation was not monotonic
and was largely controlled by the geometry of the
extuary

We used predicted daily X2 values and the corre-
sponding daily Delta outflow for each day during
the 3-year simulation to develop a new equation to
relate X2 to Delta outflow. This cquation provides

a conceptual improvement over previous equations
by allowing the time constant for daily changes in
X2 to vary with flow conditions. This improvement
resulted in a smaller average crror in X2 prediction
than previous equations. These analyses demonstrate
that a well-calibrated three-dimensional (3-D) hydro-
dynamic moded is a valuable tool for investigating
the salinity distributions in the estuary, and their
influence on the distribution and abundance of phys-
ical habitat

Source: MacWilliams et al. 2015
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ABSTRACT

The UnTRIM hydrodynamic model was applied to
San Francisco Bay and the Sacramento-San Joaquin
Delta (Delta) using a coarse-resolution model grid
with bathymetry represented at a finer subgrid scale.
We simulated a 35-year period, spanning from
January 1, 1980 through December 31, 2014. This
simulation was used to develop salinity distribution
maps to facilitate visualization of fish distribution
and abundance data. We compared predicted salinity
from the coarse-grid UnTRIM Bay-Delta model to
continuous salinity monitoring observations as well
to the measured surface salinity from San Pablo

Bay through the Delta at a total of 5,542 times and
locations where surface salinity was observed as part
of several long-term fish monitoring programs: the
Fall Midwater Trawl, Summer Townet Survey, and
San Francisco Bay Study. The coarse-grid UnTRIM
Bay-Delta model was shown to accurately predict
hydrodynamics and the spatial distribution of salinity
over both a 3-year detailed validation period and
over the full 35-year analysis period. The predicted

salinity was used to calculate the daily position of X2
and the daily-averaged area of the Low Salinity Zone
(LSZ) for each day during the 35-year simulation.
Our analysis highlights the influence of multi-year
climate patterns, shorter-duration weather patterns,
and Delta outflow on salinity distribution. We used
the predicted salinity to develop maps of salinity
distribution over seven periods for six fish species,
and combined the salinity maps with historic fish
sampling data to allow for visualization of fish
abundance and distribution for 33 years between
1980 and 2012. These maps can be used to explore
how different species respond to annual differences
in salinity distributions in the San Francisco Estuary,
and to expand the und ding of the relati if
among salinity and fish abundance, distribution, and
population resiliency.

KEY WORDS

San Francisco Bay, Hydrodynamic Modeling,
UnTRIM, Low Salinity Zone, Fall Midwater Trawl,
Bay Study, Fish Abundance, X2

INTRODUCTION

Long-term fisheries monitoring programs provide
a valuable resource for understanding trends in
fish abundance and distribution. These long-term
monitoring programs in locations such as San

Source: MacWilliams et al. 2016a
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osing Thoughts

“The challenge for the multi-dimensional
modeler then becomes to take the
enormous amount of information
generated by the model and present it in
a way that can be used to increase
understanding of the system, without
averaging out all of the important details.”

MacWilliams et al. 2016b (State of Bay-Delta Science)
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ABSTRACT. —
Over the past 15 years, the development and
application of multi-dimensional hydrodynamic
‘models in San Francisco Bay and the Sacramento
San Joaquin Delta has transformed our ability to
analyze and understand the underlying physics of
the system. Initial applications of three-dimensional
‘models focused primarily on salt intrusion, and
provided a valuable resource for investigating how
sea level rise and levee faikures in the Delta could
influence
conditions. However, multi-dimensional models
have also provided significant insights into some of
the fundamental biological relationships that have
shaped our thinking about the system by cxploring
b dance,

of multi-dimension: wind w
sediment transport models, it has been possible to

dynamics, and o assess the potential effects on
species that rely on turbidity for habitat. Lastly,

the coupling of multi-dimensional hydrodynamic
models with particle tracking models his ied to
advances in our thinking about residence time, the
retention of food organisms in the estuary, the effect
of south Delta exports on larval entrainment, and

the pathways and behaviors of salmonids that travel
through the Delta. This paper provides an overview of
these recent advances and how they have increased
our understanding of the distribution and movement
of fish and food organisms. The applications
presented serve as a guide o the current state of the
science of Delta modcling and provide examples of
how we can use multi-dimensional models (o predict
how future Delta conditions will affect both fish and
weater supply.

KEY WORDS

Hydrodynamic modeling, UnTRIM, SUNTANS,
SCHISM, RMA2, Delft3D, low salinity zone, X2, fish
movement, fish distribution, food organisms, water
supply. future conditions

INTRODUCTION

It s notable that when the State of Bay-Delta
Science 2008 (Healey et al. 20083) was published,
newly cmerging muli-dimensional models of the
Sacramento-San Joaquin Delta Delta) merited only
a short discussion i the chapter dealing with water

Eli S. Ateljevich’ and Stephen G. Monismith”

Computer models are an Important tool that we can use to leamn
about the San Francisco Estuary. The San Francisco Estuary is a
complex environment where salty water from the Pacific Ocean
mixes with freshwater from rivers, because of tides, wind, and waves.
These physical processes can be described using mathematical
equations, which can be solved using computers. Using these
equations to represent conditions in the San Francisco Estuary
and solving them is called hydrodynamic modeling. Modeling of
conditions in the Estuary requires an understanding of physics,
mathematics, and computer science, which are combined to help us.
leam about the processes and environments in the Estuary. Models
can be used to predict flooding and to design levees. They can
also be used to help us improve how we manage the Estuary to
provide a reliable water supply and to protect habitats for plants
and animals.

Source: MacWilliams et al. 2022




Thank you!

Source: MacWilliams et al. 2022
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