
Levee engineers and Ironhouse Sanitary District staff inspect 
a new toe berm along the San Joaquin River levee at Jersey 
Island, January 2015. 

DELTA LEVEE SCIENCE 
PUTAH CREEK LODGE, UC DAVIS  

9:30 am – 4:00 pm 
(Directions , campus map and Google link) 

Delta Independent Science Board                                                            

Research about natural hazards to levees of the Sacramento-San Joaquin Delta 
will be the focus of the Delta Independent Science Board meeting on July 14, 
2016. Recent findings about earthquake sources, earthquake shaking, riverine 
floods and extreme tides will be considered in posters, oral presentations, and 
panel discussions. The expected outcomes include recommendations about 
research needs and opportunities in Delta levee science. Please see the meeting 
notice for approximate times.  

LOGISTICS 
The Putah Creek Lodge is 
located in the picturesque 
Arboretum on the southwest 
perimeter of UC Davis campus.  
While the lodge offers a 
wonderful atmosphere for 
meetings and workshops, there 
are no coffee or lunch facilities 
nearby.  Lunch is not provided 
but a refrigerator is available to 
store your lunch should you 
decide to bring one.  
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ABSTRACTS  
Delta Independent Science Board Meeting 

July 14, 2016 
[listed alphabetically by presenter] 

 
Ground motion in the Delta from recent and future earthquakes 
Jack Boatwright, Jon Fletcher, and Jemile Erdem (USGS) 
boat@usgs.gov 
 
The M=6 South Napa earthquake was recorded by 292 seismic instruments within 100 km of the 
epicenter. These recordings show that the ground shaking falls off more rapidly with distance than 
predicted by the relations used in the DRMS Report. Recordings in the Delta of moderate earthquakes 
on the Calaveras, Hayward, and Green Valley faults corroborate this result. For an earthquake on the 
Hayward fault, this difference reduces the predicted acceleration by a factor of three for sites in the 
Delta at the distance of Bethel Island, and may substantially reduce the risk of levee failure from the 
DRMS estimate. 

Risk assessment of levee systems 
Dong Youp Kwak, Paolo Zimmaro, Scott J. Brandenberg, and Jonathan P. Stewart (UCLA) 
sjbrandenberg@ucla.edu 
  
Levees form a series system in which failure of any segment constitutes system failure. The probability 
of system failure is therefore equal to the probability that any single segment will fail. Earthquakes 
impose shaking conditions that vary spatially, and the capacity of levees to resist these demands also 
vary spatially. A methodology is presented for computing the probability of failure of a levee system due 
to earthquake shaking. The levee system is divided into segments, and each segment is assigned a 
seismic demand based on seismic hazard analysis, and a capacity based on a fragility function. The 
segment probabilities of failure are then aggregated into a system probability of failure that accounts for 
spatial correlation of capacity and demand. 
 
Seismic response of levees on peat 
Ali Shafiee (Shannon & Wilson), Yi Tyan Tsai, Scott J. Brandenberg, and Jonathan Stewart (UCLA) 
sjbrandenberg@ucla.edu 
 
The seismic deformation potential of the peaty organic soils underlying many Delta levees has not been 
studied in as much detail as for inorganic soils such as sand, silt, and clay. As a result, the seismic fragility 
of Delta levees is uncertain. This study presents a laboratory testing program in which a new 
deformation mechanisms is identified. Specifically, peat shrinks following an earthquake due to shear-
induced pore pressure and a reset of the secondary compression clock. The seismic fragility of a levee 
system in Hokkaido, Japan, is also being studied and preliminary results will be presented. 

mailto:boat@usgs.gov
mailto:sjbrandenberg@ucla.edu
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Sea level rise and climate change scenarios for the Bay-Delta 
Dan Cayan, Julie Kalansky, and Sam Iaobellis (Scripps Institution of Oceanography, SDSU) 
cayandr@gmail.com 

Using recently published (by others) modeling results, a new set of sea level rise (SLR) estimates is being 
developed, in association with the ongoing California 4th Climate Change Assessment.  A probabilistic 
approach was taken, using recent global and regional SLR results and global climate model simulations, 
along with a model of hourly sea level at selected coastal locations, including San Francisco.  Through 
mid 21st Century, projections of SLR are broadly consistent with previous estimates, but for long time 
horizons and high greenhouse gas emissions scenarios, the upper end of the modeled distribution of SLR 
is higher than many previous estimates.   

Levee vulnerability and uncertainty 
Steven Deverel (HydroFocus, Inc.), Sandra Bachand (Bachand and Associates), Scott Brandenberg 
(UCLA), Cathleen Jones (NASA-JPL), Jonathan Stewart (UCLA) and Paolo Zimmaro (UCLA) 
sdeverel@hydrofocus.com 
 
Topical areas in which there is uncertainty in the science and practice of levee vulnerability include 
climate change; seismic effects; subsidence and its effects; and how best to integrate ecosystem 
restoration.   To address uncertainty, we suggest improvements are warranted in: the description of 
recent levee upgrades and probability of failure estimates based on these data; estimates for seismic 
failure; assessment of the effects of subsidence on levee stability; understanding of levee habitat and 
the potential for integrating levee investments and prioritization with development of tidal habitat and; 
assessment of effects of projected increased height and duration of Delta surface-water stages.  

Delta 100-year hydrology modernization 
Joel Dudas (DWR), John High (USACE), Melissa Hallas (USACE), Jeff Galef (DWR) 
joel.dudas@water.ca.gov 
 
100-year stages are a critical data component for the design of all Delta levees, as levee standards 
include geometry requirements that are hinged to the 100-year stage.  Compliance with geometry 
standards affects post-disaster assistance eligibility, as well as utility of future investments for proposed 
levee projects.  The sustainability of the entire Delta levee system is also shaped by estimated levels of 
risk that correspond to 100-year stages. The current stages in use were determined using data collected 
at tide stations from the period between 1945-1974.  With a longer data record, a larger number of 
better distributed stations, use of new hydrodynamic models, and a more modern geodetic datum, a 
better estimate of the stages is now possible.  DWR and USACE will work together to develop a 
modernized stage analysis. 

Delta tidal datum determination & methodology 
Joel Dudas (DWR), Stuart Siegel (SFSU), Christopher Enright (Delta Science Program, retired), Bradley 
Tom (DWR), Jeff Galef (DWR) 
joel.dudas@water.ca.gov 
 
Tidal datums are of critical importance in estimating current typical Delta tide stages for use in water 
resource and ecosystem restoration planning and implementation projects.  We are developing a 
standardized data tidal datum product that is developed synthetically for all Delta channels for use as a 
baseline condition.  Also, the methodology is non-trivial, and the methodology will need to be utilized 

mailto:cayandr@gmail.com
mailto:sdeverel@hydrofocus.com
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again whenever studying effects from changes that occur in the Delta hydrodynamic channel network 
due to future sea level rise and levee breaching scenarios.  The methodology therefore requires peer 
reviewed scrutiny so that future comparative analyses of scenario evaluations against the current 
baseline are considered to be reasonable and consistent. 

Ground-motion attenuation for the South Napa earthquake in the Sacramento-San Joaquin Delta, 
California 
Jemile Erdem, Jack Boatwright, Jon Fletcher (USGS) 
jerdem@usgs.gov 
 
The Boore-Atkinson Ground Motion Prediction equations over-predict peak ground motions from the 
South Napa earthquake at sites within the Delta. This over-prediction appears to be derived from the 
GMPE’s underestimate of the anelastic attenuation in the northern Bay Area. If these results are used to 
estimate the hazard in the Delta from large earthquakes on a range of nearby and distant faults, the risk 
of levee failure is substantially reduced, compared to estimations using the NGA-West2 GMPEs. We use 
the ground motion recordings from a set of smaller earthquakes that have occurred in the Bay Area 
from 2007 to 2015 to check these results, and obtain similar attenuation for these events. 

Site response in the Sacramento-San Joaquin Delta 
Jon Fletcher and John Boatwright (USGS) 
jfletcher@usgs.gov 
 
Broad band seismic instruments have been deployed in the Sacramento-San Joaquin Delta (Delta) to 
study site response of the levees.  Data was taken from both the crest of various levees and from nearby 
stations.  We average the spectral ratio of S waves at Delta sites to a hard rock site for regional 
earthquakes (East Bay typically) or ambient noise to show that most levee sites have a resonance at 
about 3 Hz compared to nearby sites. This was true for both for earthquake data and for horizontal 
component/vertical component ratios using ambient noise.  These data are in agreement with 
theoretical studies of the levees.  We also have used cone penetrometer equipment to determine the 
velocity structure of the shallow soils near the levees, which have velocities of about 200 m/s. 

3D geologic map of the Sacramento-San Joaquin Delta, California; a progress report 
Russell Graymer and Robert McFaul (USGS) 
rgraymer@usgs.gov 
 
To improve estimates of expected earthquake shaking in the Delta and associated hazards (eg. levee 
failure), we are developing a geology-based 3D seismic velocity model.  The first step is creation of a 3D 
geologic map.  We have combined surface geologic mapping, petroleum well, gravity and aeromagnetic, 
and limited reflection seismic data, to generate a 3D framework of major faults and surfaces marking 
the base of the Neogene (<23 million years old) and Paleogene (23-65 million years old) sedimentary 
rocks, horizons that form distinct breaks in the seismic velocity model.  The complexity revealed may 
have an important impact on earthquake shaking. 

mailto:jerdem@usgs.gov
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Detailed mapping and analysis of fold deformation above the West Tracy fault 
Christopher Hitchcock (InfraTerra, Inc.) and Jeffrey Unruh (Lettis Consultants International, Inc.) 
chitchcock@infraterra.com 
 
Interpretation of reprocessed oil industry seismic reflection data, LiDAR datasets, and geotechnical 
borings in the area of Clifton Court Forebay provide information on the geometry, vertical separation 
rate, and activity of the West Tracy fault.  Structural relief measured on late Miocene and Plio-
Pleistocene stratigraphic markers implies that the long-term average separation rate on the West Tracy 
fault is about 0.23-0.34 mm/yr.  This rate is consistent with measured deformation of latest Pleistocene 
and Holocene features, including scarps in latest Pleistocene-early Holocene fan deposits northwest of 
Clifton Court Forebay, which suggest the West Tracy fault is capable of producing surface-deforming 
earthquakes.   

Use of stable isotopes to study outflows 
Lynn Ingram (UC Berkeley) 
ingram@eps.berkeley.edu 
  
Abstract not available.  

Radar remote sensing of subsidence in the Sacramento-San Joaquin Delta 
Cathleen Jones (NASA-JPL), David Bekaert (JPL), Joel Dudas (DWR), Karen An (UCLA), Priyanka Sharma 
(JPL),  Steven Deverel (HydroFocus, Inc.) 
cathleen.e.jones@jpl.nasa.gov 
 
Subsidence rates in the Sacramento- San Joaquin Delta are large and currently poorly constrained by 
measurement. 
• Remote sensing using radar interferometry (InSAR) can be used to measure surface deformation 
rapidly and on a broad scale across the entire area. 
• We show results of a study initiated in 2009 to measure current-day subsidence rates across the delta 
using radar remote sensing, yielding measurements at ~10-20 meter spatial resolution. 
• The measured rates reveal a high variability of subsidence rates both across the delta and within 
individual islands. 
• The results are used to identify areas where movement or subsidence is directly impacting levees.  
• We show results of a study initiated in 2009 to measure current-day subsidence rates across the delta 
using radar remote sensing, yielding measurements at ~10-20 meter spatial resolution. 
 
Liquefaction potential of natural deposits in the West Central Delta 
C.R. Real (CA Geological Survey), Keith Knudsen (USGS), Marvin Woods (CDWR) 
kknudsen@usgs.gov 
 
Maps of earthquake-induced liquefaction hazard were prepared several years ago for the west central 
Sacramento-San Joaquin Delta, chiefly in Contra Costa County. The hazard assessment was based on 
deformation potential of naturally occurring sediments expressed as the capacity for horizontal 
displacement from limiting shear-strains caused by earthquake-induced cyclic shear stresses during 
earthquake shaking. For shaking corresponding to 10% in 50-year exceedance probability, the computed 
lateral displacement index ranges from zero to 9 ft, with the greatest deformation potential between 
Brentwood and Bethel Island.  

mailto:chitchcock@infraterra.com
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Tidal forecasting in the Delta 
Mitch Russo (DWR) 
mitchel.russo@water.ca.gov 
 
An overview of tide forecasting in the Sacramento-San Joaquin Delta by the National Weather Service’s 
California-Nevada River Forecast Center and the California Department of Water Resources’ Division of 
Flood Management.  How, where, and why we produce these forecasts, the challenges involved and the 
limitations thereof will be discussed, as well as where we want to go. 

Seismic concerns for levees in the Central Delta 
Kevin Tillis (Hultgren-Tillis Engineers) 
tillis@hultgrentillis.com 
 
This talk will provide an overview on the main risks to the existing levees from earthquake shaking.  The 
presentation will include a discussion of potential rehabilitation schemes to reduce risks to the levees.  A 
brief discussion of data gaps will also be presented. 

Seismic source characterization of the Southern Midland fault, Sacramento-San Joaquin Delta 
Jeffery Unruh (Lettis Consultants International, Inc.) and Christopher Hitchcock (InfraTerra) 
unruh@lettisci.com 
 
The southern Midland fault is a late Cretaceous-early Tertiary blind or buried normal fault in the west-
central Delta region that has been reactivated as a reverse fault in late Cenozoic time.  Analysis of gas 
exploration logs indicates about 200 m of west-side-up reverse separation of a late (?) Miocene 
unconformity across the fault, and early 20th century drainage patterns in the Delta appear to reflect 
the presence of positive topography in the hanging wall, suggesting that the fault has been active in late 
Quaternary time.   The long-term average slip rate for the Southern Midland fault is estimated to be 
about 0.1 mm/yr, and the fault may be capable of producing M6½ to M6¾ earthquakes based on 
potential rupture dimensions. 

Geologic maps as baseline data for evaluating seismic hazards 
Chris Wills (California Geological Survey) 
chris.wills@conservation.ca.gov 
 
The California Geological Survey has compiled regional geologic maps of the delta, incorporating original 
mapping at 1:24,000 (1 inch = 2000 feet). These maps show the distribution of different geologic units 
that can be distinguished by their age, environment of deposition, and grain size. The physical properties 
of the geologic units are used directly in calculation of earthquake shaking hazards and liquefaction. 
Geologic maps therefore, can be used for assessing how liquefaction and earthquake shaking potential 
varies across the region. 

mailto:mitchel.russo@water.ca.gov
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