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Ray Wells, 9:00 AM
Tectonic framework of the Cascadia subduction margin
and its earthquake hazards
Subduction of the Juan de Fuca plate northeastward at about 40 mm/yr beneath
the northwestern US and Canada produces damaging earthquakes from three
sources: 1) great earthquakes and tsunami from the megathrust plate boundary
offshore, 2) deeper earthquakes in the sinking Juan de Fuca slab about 60 km
deep beneath the urban corridor, and 3) shallow crustal events on active faults in
the deforming upper plate. What gives Cascadia a special twist is that the
convergent margin is caught in the dextral shear couple between the much larger
Pacific and North American plates. GPS shows that the entire region, from
Northern Nevada to British Columbia, is slowly rotating clockwise as it breaks up
into smaller blocks. The northward motion of Oregon puts the squeeze on
Washington and produces the Yakima fold and thrust belt and similar structures
in the fore arc, like the active Seattle and Tacoma faults. Crustal earthquakes
occur along block boundaries revealed by GPS velocity gradients, gravity,
surface faulting, and paleomagnetic block rotations. Rotating crustal blocks and
their boundary faults appear to correlate with along-strike variations in behavior
of the megathrust, including tremor density, locking width, and slip in the 1700
AD earthquake. USGS seismic hazard maps, revised every 6 years through
workshops and reviews involving hundreds of scientists and engineers,
incorporate all of the seismic sources, their recurrence intervals, and regional
crustal strain into an assessment of the probabilistic ground motions with a 2
percent probability of exceedance over 50 years. Over short to medium time
frames, the hazard is dominated by the more frequent slab events like the 2001
M6.8 Nisqually earthquake (30-50 yr recurrence) and the great megathrust
events (~500 yr recurrence). Over longer time frames, the shallow crustal events,
such as those on the Seattle fault become important. The USGS hazard maps
assume firm ground conditions; local shaking may vary substantially where soft
soils and basins are likely to amplify ground shaking. The USGS and State
surveys have an ongoing effort to document the distribution of active faults, the
geologic framework of the urban corridor, and the distribution of regions
susceptible to amplification of ground shaking.
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Biographical: Ray Wells is a Research Geologist, with the United States
Geological Survey. He received his education at Pennsylvania State University,
the University of Oregon and received his PhD from the University of California at
Santa Cruz. Dr. Wells has been Project Chief of the Pacific Northwest Geologic
Mapping Project for 18 years, now Co-chief. The project is directed toward
understanding urban corridor seismicity in a regional context through
development of geologically constrained kinematic models of crustal deformation.
Ray uses geologic mapping, fault slip analysis, paleomagnetism, gravity,
magnetics, GPS velocities, and plate tectonic theory to understand the structure
of the Cascadia margin and how it controls the distribution of earthquakes, both
in the urban corridor and along the plate boundary megathrust.
Ray Wells, Research Geologist, U.S. Geological Survey
Geology, Minerals, Energy, and Geophysics Science Center
U.S. Geological Survey
345 Middlefield Rd. MS 973
Menlo Park CA 94025
650-329-4933
650-714-5055 CELL
650-329-4936 FAX
Office: Bldg. 2, Room 2235
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Chris Goldfinger, 9:40 AM
Northern Cascadia Integrated Paleoseismic Records from Onshore and
Offshore Core Data
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2
Department of Geophysics, Federal University of Rio Grande do Norte, Natal-Brazil
3
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4
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8
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Building on two decades of offshore work, new and archive core, bathymetric,
backscatter and seismic reflection data from the Washington continental margin
reveal new insights in to patterns of sediment transport and deposition during the
Holocene. Previous work, based on a sparse set of new cores, with limited
numbers of archive cores, supported a model first proposed by Adams (1990), in
which the Washington and northern Cascadia margin turbidite record
represented 13 post Mazama and 19 synchronous Holocene turbidity currents.
Numerous tests have been applied to this record to evaluate this hypothesis
based on relative dating methods, radiocarbon, and direct correlation using well
log correlation methods. A new set of 75 additional cores offshore further
explore the major canyon systems of Washington including Barkley, Nitinat, Juan
de Fuca, Quillayute, Grays, Guide, and Willapa Canyons. Each has different
post-glacial mechanisms of loading and dispersal of sediment via turbidity
currents during high stands of sea level. The northernmost canyons Barkley,
Nitinat, JDF, and to some extent Quillayute are relict systems, with little Holocene
recharge via cross shelf transport. Unconsolidated relict sands and glacial drift
remain following the transgressive sequence, leaving medium and coarse sands
at the shelf break, which presently lies at a depth of ~ 200m. The remaining
canyons, Quillayute, Quinault, Grays, Guide, and Willapa, are recharged to
varying degrees by northward transport of Columbia River derived sediment.
New core data show that all systems are nonetheless active conduits for turbidity
currents during the Holocene (Figure 1). Sedimentological and CT analysis,
supported by radiocarbon ages, micropaleontology, and the ubiquitous presence
of the Mazama Ash show that the Holocene sedimentary sequence consists of a
series of sand to mud turbidites in the active portions of all systems, interbedded
with hemipelagic sediment. As has been previously reported, the primary fan
systems, the Astoria and Nitinat Fans, are largely inactive in the	
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Figure	
  1.	
  	
  Bathymetry	
  channel	
  systems	
  and	
  core	
  locations,	
  Washington	
  margin.	
  	
  Location	
  of	
  all	
  cores	
  
used	
  in	
  this	
  study	
  are	
  shown.	
  	
  White	
  localities	
  are	
  those	
  used	
  in	
  Goldfinger	
  et	
  al.	
  (2012).	
  	
  	
  

Holocene, with turbidity current activity limited to the proximal parts of the main
channels, and Holocene deposition fading rapidly toward the middle and distal
fans (Figure 2). The active systems contain between 15 and 23 Holocene
turbidites of varying thicknesses and	
  grain size profiles.	
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  Figure	
  2.	
  	
  Core	
  sites,	
  hemipelagic	
  thickness	
  and	
  turbidite	
  counts,	
  northern	
  Washington	
  margin.	
  	
  White	
  
numbers	
  at	
  selected	
  core	
  sites	
  show	
  Holocene	
  hemipelagic	
  thickness.	
  	
  Typical	
  values	
  are	
  90-‐130	
  cm	
  for	
  
non-‐turbidite	
  sites.	
  	
  Red	
  numbers	
  show	
  Holocene	
  turbidite	
  count	
  in	
  active	
  channels.	
  	
  Light	
  tan	
  pattern	
  
shows	
  inactive	
  areas	
  of	
  the	
  Nitinat	
  Fan.	
  	
  Green	
  pattern	
  shows	
  active	
  Holocene	
  fan.	
  	
  Red	
  X’s	
  show	
  non	
  
turbidite	
  sites	
  used	
  by	
  Atwater	
  et	
  al.	
  (2014)	
  to	
  argue	
  the	
  northern	
  Washington	
  margin	
  is	
  inactive.	
  Site	
  
near	
  center	
  in	
  JDF	
  Channel	
  has	
  had	
  non-‐deposition	
  in	
  a	
  high	
  velocity	
  region	
  of	
  the	
  channel.	
  	
  	
  	
  

	
  

The correlated turbidite sequence suggests deposition of ~ 23 turbidites in most
parts of the Canyon systems, with several sites showing evidence of bypassing
and erosion with correspondingly fewer Holocene beds. The explanation most
consistent with the data is triggering by a series of 23 earthquakes, further
supported by the temporal linkages to other previously reported marine sites
along the margin, as well and both coastal and inland lake paleoseismic data in
Washington and Canada. No evidence has been found of additional or missing
events in the Holocene turbidite sequence beyond those previously reported,
though segment boundaries are revised. Alternative interpretations of Atwater et
al. (2014) based in 1960’s visual descriptions of some of the same cores are
rejected, and resulted from inadequate visual analysis of the cores (Figure 3), as
well as inadequate analysis of alternate flow paths. The new analysis also
revises the formerly data-limited northern boundaries for the segments proposed
in Goldfinger et al. (2008; 2012). The new core data, including new cores
collected in 2015 in northern Oregon, suggest that several Segment B ruptures
likely extended north to	
  	
  Quinault Canyon, one event was resolved into two,
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Figure	
  3.	
  	
  Example	
  of	
  the	
  resolution	
  of	
  observations,	
  and	
  the	
  impact	
  on	
  interpretation.	
  	
  Three	
  cores	
  are	
  
shown	
  from	
  upper	
  JDF	
  canyon	
  on	
  the	
  left,	
  the	
  middle	
  Canyon,	
  and	
  the	
  upper	
  channel	
  on	
  the	
  right.	
  The	
  
turbidite	
  record	
  is	
  extremely	
  fain	
  in	
  the	
  upper	
  canyon,	
  moderately	
  good	
  in	
  the	
  mid-‐canyon,	
  with	
  a	
  
number	
  of	
  mud	
  turbidites,	
  and	
  stronger	
  yet	
  in	
  the	
  upper	
  abyssal	
  channel	
  on	
  Nitinat	
  Fan.	
  	
  The	
  image	
  
from	
  the	
  core	
  log	
  of	
  Carson	
  (1971)	
  is	
  shown.	
  	
  Visual	
  logging	
  failed	
  to	
  capture	
  the	
  mud	
  turbidites	
  and	
  
shows	
  only	
  three	
  visible	
  beds	
  above	
  the	
  level	
  of	
  the	
  Mazama	
  ash.	
  	
  The	
  actual	
  content	
  revealed	
  by	
  CT,	
  is	
  9	
  
post	
  Mazama	
  beds,	
  but	
  the	
  Mazama	
  ash	
  appears	
  later	
  in	
  this	
  core	
  than	
  most.	
  	
  14	
  beds	
  are	
  present	
  
younger	
  than	
  7600	
  years	
  (Mazama	
  event	
  time).	
  	
  Further	
  downstream,	
  M990705TC	
  has	
  15	
  post	
  Mazama	
  
beds.	
  	
  The	
  latter	
  two	
  cores	
  were	
  shown	
  by	
  Atwater	
  et	
  al.	
  (2014)	
  as	
  having	
  4	
  and	
  3-‐6	
  post	
  Mazama	
  beds	
  
respectively.	
  	
  	
  	
  

	
  

and one Washington only event was added in 2013, for a total of 23 Holocene
events. Segment C ruptures were found to extend to ~ the latitude of Astoria
Canyon, but remain data limited. Revision of the mean recurrence times for
given sections of the coast are therefore revised to 434 years for the Washington
Coast, and 352 years for the central and northern Oregon coast. Conditional
time-dependent probabilities in the next 50 years also are revised to 10-17% for
the Washington coast, and 15-20% for the central and northern Oregon coast
(Figure 4).
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Figure	
  4.	
  	
  Segmented	
  rupture	
  model,	
  revised	
  from	
  Goldfinger	
  et	
  al.	
  (2012).	
  	
  This	
  model	
  reflects	
  revision	
  
of	
  the	
  northern	
  boundaries	
  of	
  Segments	
  B,	
  C,	
  and	
  D	
  based	
  on	
  new	
  core	
  data	
  and	
  tsunami	
  modeling	
  at	
  
Bradley	
  Lake	
  (Priest	
  et	
  al.	
  2014).	
  	
  Marine	
  core	
  sites	
  controlling	
  rupture-‐length	
  estimates	
  are	
  shown	
  as	
  
yellow	
  dots.	
  	
  Addition	
  of	
  several	
  small	
  ruptures	
  in	
  northern	
  California	
  are	
  shown	
  in	
  Segment	
  E,	
  and	
  a	
  
single	
  northern	
  rupture	
  is	
  identified	
  off	
  Washington	
  in	
  Segment	
  F	
  from	
  Goldfinger	
  et	
  al.,	
  (2013).	
  
Preferred	
  latitudinal	
  limits	
  shown	
  with	
  red	
  shading.	
  	
  Estimated	
  minimum	
  and	
  maximum	
  limits	
  shown	
  
with	
  dashed	
  lines.	
  	
  Widths	
  and	
  up	
  and	
  downdip	
  limits	
  approximate.	
  	
  Paleoseismic	
  segmentation	
  shown	
  
also	
  is	
  compatible	
  with	
  latitudinal	
  boundaries	
  of	
  episodic	
  tremor	
  and	
  slip	
  (ETS)	
  events	
  proposed	
  for	
  the	
  
downdip	
  subduction	
  interface	
  (Brudzinski	
  and	
  Allen,	
  2007)	
  and	
  shown	
  by	
  white	
  dashed	
  lines.	
  A	
  northern	
  
segment	
  proposed	
  from	
  ETS	
  data	
  at	
  ~	
  48N	
  does	
  not	
  appear	
  to	
  have	
  a	
  paleoseismic	
  equivalent.	
  

	
  

We are also pursuing ground motion estimates for lake sites near Seattle and
Portland based on sub lacustrine paleoseismic records and 25 lake cores from 6
onshore sites. We surveyed Bull Run Lake east of Portland, Oregon, Sawyer
Lake, near Seattle, and Leland Lake on the Olympic Penisnula, collecting high
resolution bathymetry, sidescan, and sub-bottom profiles (Figure 5). The subbottom profiles reveal a pervasive turbidite record in Sawyer and Bull Run Lakes.
The Bull Run sequence is ~ 3.3-6.6 m in thickness. Based on the 70-90 cm
depth of the Mazama Ash, the average thickness of ~ 5 m in the central basin
suggests the landslide dammed lake is ~ 16,000-30,000 years old. We collected
8 cores in a variety of locales from the center of the lake to an isolated basin 50
m above the ~ 80 m lake floor. The pervasive turbidite sequence is sourced from
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Figure	
  5.	
  	
  High-‐resolution	
  bathymetry,	
  seismic	
  profile	
  tracklines,	
  core	
  and	
  dive	
  sites,	
  Bull	
  Run	
  Lake,	
  
Oregon.	
  Landslide	
  that	
  dammed	
  the	
  lake	
  is	
  clearly	
  shown	
  at	
  left.	
  	
  Channel	
  systems,	
  which	
  may	
  be	
  partly	
  
derived	
  from	
  original	
  terrestrial	
  drainage	
  are	
  visible,	
  draining	
  to	
  lake	
  center.	
  	
  	
  	
  

The lake walls and eastern stream, and is independent of the small stream
inputs, indicated by the landslide tracks visible in bathymetric and backscatter
data. The cores all contain a sequence of ~ 17 turbidites above the prominent
Mazama Ash which was collected in all cores. A well-log correlation was
attempted between Bull run Lake, and offshore cores near the same latitude
using Computed Tomography (CT) data and hung on the Mazama horizon,
yielding a remarkable match (Figure 6). Based on the similar numbers of events,
the downcore pattern of events, and the well-log match, we infer that the Bull
Run Lake cores contain an excellent Cascadia subduction zone paleoseismic
signal, with repeat times ~ 350 years, matching the northern Oregon record,
though radiocarbon ages for individual events are pending. We mapped the
landslide failure zones along the lake walls using bathymetry and backscatter
data (Figure 7), and find that the lower limit of slope angle for these failures is ~
10 degrees, below which there are no mappable slope failures. Using diver
collected in-situ shear vane tests, we determined the physical properties of the
sediments in the failure zones.	
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Using pseudo-static limit equilibrium
methods, we estimate the PGA under
seismic loadings to have a maximum value
of 0.28-0.31g, assuming the
unconsolidated materials are allowed to
liquefy under seismic loadings. This value,
calculated for a 10 degree slope,
represents the largest of the large seismic
events, defined by the lower limiting slope
angle. The value is in good agreement
with the USGS 2014 National Seismic
Hazard map value of 0.3g PGA (2%
probability of exceedance) at this site. The
USGS value represents an extreme event
with a 2500 year return period, consistent
with our evaluation of the 10 degree slope
failures as representing locally extreme
events, two of which are observed in the
10,000 year Cascadia paleoseismic
record. Similar results were found for Lake
Sawyer near Seattle, and Leland Lake on
the Olympic Peninsula.	
  
	
  
Figure	
  6.	
  	
  Test	
  well-‐log	
  correlation	
  between	
  offshore	
  
core	
  OC0315-‐24	
  GC	
  off	
  northern	
  Oregon	
  (right),	
  and	
  
Bull	
  Run	
  Lake	
  core	
  BRL-‐5	
  (left)	
  at	
  approximately	
  the	
  
same	
  latitude.	
  Approximately	
  5500	
  years	
  of	
  record	
  are	
  shown.	
  	
  CT	
  imagery	
  from	
  both	
  cores	
  is	
  shown.	
  	
  
Dark	
  traces	
  (left	
  and	
  right)	
  are	
  CT	
  density	
  from	
  the	
  offshore	
  core.	
  	
  Left	
  grey	
  trace	
  is	
  CT	
  density	
  from	
  
BRL-‐5.	
  	
  Light	
  blue	
  trace	
  (right)	
  is	
  magnetic	
  susceptibility	
  from	
  the	
  offshore	
  core.	
  	
  Event	
  numbering	
  
shown	
  is	
  taken	
  from	
  margin-‐wide	
  correlation	
  of	
  Goldfinger	
  et	
  al.,	
  2012)	
  revised	
  to	
  include	
  OC-‐0315-‐
24GC.	
  	
  	
  Age	
  control	
  at	
  base	
  of	
  cores	
  provided	
  by	
  Mazama	
  Ash	
  (not	
  shown).	
  	
  	
  

	
  
	
  	
  	
  	
  
	
  
Figure	
  7.	
  	
  Backscatter	
  image	
  of	
  northern	
  lake	
  shore	
  area	
  and	
  a	
  
prominent	
  landslide.	
  	
  Dive	
  sites	
  1,	
  1A,	
  and	
  2	
  are	
  shown.	
  	
  Dry	
  
suited	
  divers	
  collected	
  in-‐situ	
  shear	
  vane	
  measurements	
  from	
  the	
  
upper	
  meter	
  of	
  unconsolidated	
  sediment	
  at	
  these	
  sites	
  to	
  assess	
  
slope	
  stability.	
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Biographical: Dr. Chris Goldfinger is a marine geologist and geophysicist with a
focus on great earthquakes and structure of plate boundary fault zones around
the world. He has experience with deep submersibles, sidescan sonar, seismic
reflection, and other marine geophysical tools on over 40 oceanographic cruises
over the last 25 years. He is currently working on great subduction earthquakes
along the Cascadia, NE Japan and Sumatran margins, as well as the Northern
San Andreas Fault off northern California using the evidence for earthquakes
found in deep-sea sediments. Goldfinger is a Professor of Marine Geology and
received his PhD from Oregon State University in 1994.
Chris Goldfinger
Professor
Oregon State University
Marine Geology Active Tectonics Group
gold@coas.oregonstate.edu
voice: (541) 737-5214/737-9622 fax: (541) 737-2064
http://activetectonics.coas.oregonstate.edu

Ray Weldon, 11:00 AM
Latitudinal variations in shaking intensity, tsunami height, and potential
warning time for the NEXT Cascadia megathrust earthquake
Strain accumulation towards the next Cascadia megathrust earthquake can be
measured by geodetic techniques including GPS, repeated high-order leveling and
tide gauges. Coupled with plate models, the timing and distribution of past Cascadia
events from geologic studies, and historical studies of the relationships between
megathrust earthquakes and the shaking and tsunami they generate, we can build
potential source models for the next Cascadia megathrust earthquake and forecast
the spatial distribution of shaking and tsunami height, and likely propagation
direction and duration of the rupture. Existing data suggest very strong latitudinal
variations in shaking intensity (with respect to distance from the coast), tsunami
height, and potential warning time. Coastal northern California and southernmost
Oregon will have relatively intense shaking, moderate tsunami height and the least
amount of potential warning time. Central coastal Oregon through southwestern
Washington will have relatively less shaking, lower tsunami heights, and moderate
potential warning times. The outer west coast of Washington will have the greatest
shaking, tsunami heights, and the population centers of Washington the most
potential warning time. Mitigation efforts, including building an early warning system
that can provide up to minutes of warning to major population centers after the
earthquake nucleates, are underway, but need to be better funded and accelerated
to significantly impact the damage and loss of life from the next Cascadia
megathrust earthquake.
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Biographical: Ray Weldon is Professor of Structural Geology and Neotectonics at
the University of Oregon. Ray basically studies active faults in the field but works
closely with seismologists, geodesists, geochronologists, and hazard and risk
analysts to integrate field observations into models of how faults work and generate
seismic hazard and risk. Ray and his students and colleagues have recently worked
on the Cascadia Subduction Zone and Basin and Range normal faults in Oregon,
the San Andreas Fault in California, and fold and thrust belts in Alaska and the
Kyrgyz Tien Shan. Ray is currently on sabbatical at the Earth Observatory of
Singapore (EOS) completing past work on the Honghe (Red River), Xianshuihe, and
Mae Chan faults in SE Asia
In pursuit of his conviction to make science practical, Ray serves on the Executive
Committee of the Uniform California Earthquake Rupture Forecast (UCERF, the
official source model for California earthquakes), the Steering Committee for the US
National Seismic Hazard Map (that sets national building codes, among other
things), and consults for a number of public and private entities on seismic hazards
posed to infrastructure like nuclear power plants and dams. Ray teaches Oregon
Geology and Summer Field Camp (in addition to more specialized courses) and is
most proud of having successfully graduated 22 MS and PhD students in his 27
years at Oregon.
Ray Weldon, Professor
Department of Geological Sciences
University of Oregon
Office: 541-346-4669
ray@uoregon.edu
Potential Seismic Monitoring
System for Cascadia Seismic
Activity. Triangles = Onshore
broadband Stations. Red
triangles are part of the
Cascadia Initiative potentially
funded by Oregon and
monitored by the University
of Oregon.
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Bill Steele, 11:30 AM
Earthquake Early Warning; Time to Act
Geo scientists have assembled an impressive 10,000 year history of
great earthquakes from the Cascadia Subduction Zone. Some controversies
remain such as; how many M 8 events fill the gaps between the full rupture M9
quakes, and how close to our urban centers will the rupture propagate? How
will the deep sedimentary basins in the Puget Lowland effect ground motions
produced by the next CSZ earthquake? How will that impact our tall buildings?
The magnitude 9.0 Tohoku, Japan and other great earthquakes around
the world have taken hundreds of thousands of lives and cost hundreds of
billions of dollars this decade alone. Many lives were saved in Japan and
losses from shaking limited by the successful Earthquake Early Warning alerts
delivered to vulnerable populations and organizations. UW, UC Berkeley, and
Cal Tech are working with the USGS to develop and deploy a US West Coast
Earthquake Early Warning System. Our Cascadia Subduction Zone may
produce the next great earthquake on the planet. Using “ShakeAlerts” to trigger
preplanned actions in those final mitigation minuets before strong shaking
arrives can save lives and reduce losses. What could you do with 40 seconds
to 4 minutes of warning that strong ground motion is on the way from our next
“Big One”?
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Earthquake Hazard Peak ground acceleration (ms-2) with 10% probability of
exceedance in 50 years.

Biographical: Bill Steele has been educating the public about earthquake and
volcano hazards at the Pacific Northwest Seismograph Network (PNSN) at the
University of Washington for over 20 years. He currently serves as Director of
Outreach and Communications for the network, and as Public Information
Officer for both the PNSN and for many USGS earthquake related research
activities in the Pacific Northwest.
Bill works to foster interdisciplinary and interagency cooperation between
university, government, and private sector research communities to better
identify and address hazards issues. Bill represents the PNSN with
membership in numerous government, community and professional
organizations. Bill is a founding member of CREW (the Cascadia Region
Earthquake Workgroup) and recently helped form the Washington Chapter of
the Earthquake Engineering Research Institute (EERI). Bill is currently touring
the PNW introducing the West Coast Earthquake Early Warning Project (EEW)
to businesses, utilities and public agencies. His goal is to establish a PNSN
Research Affiliates Group to help guide the development and utilization of
EEW products. He is also seeking to document how EEW can be used to
reduce losses during an earthquake and speed recovery.
William (Bill) Steele, Department of Earth and Space Science
University of Washington, Box 35i30, Seattle WA 98195-1310
Phone 206-685-5880: email = wsteele@uw.edu
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Yumei Wang, 12:45 PM
Critical Energy Infrastructure: Building Resilience, Yumei Wang, DOGAMI
A major Cascadia earthquake and tsunami would likely produce an
unprecedented catastrophe much larger than any disaster Oregon has faced,
which would harm social systems and the economy. Oregon will likely face an
electrical blackout, extended natural gas service outages, liquid fuel shortage,
prolonged service outages in the transportation systems, telecommunication,
water, waste water, hospitals, schools and more as well as losses in the tens of
billions of dollars in a magnitude 9 Cascadia earthquake.
Oregon state agencies, Department of Energy (ODOE), Public Utility
Commission of Oregon (OPUC), and Department of Geology and Mineral
Industries (DOGAMI) completed the Oregon Energy Assurance Project in 2012.
This project included a 2013 DOGAMI report titled "Earthquake Risk Study for
Oregon's Critical Energy Infrastructure Hub," which is discussed and made
available in the Oregonian article:
http://www.oregonlive.com/environment/index.ssf/2013/09/oregons_energy_hub_
on_the_will.html. This 2013 report highlights significant seismic vulnerabilities in
Oregon's critical energy infrastructure hub, explains why the problems exist, and
concludes that reliability in energy sector services should be addressed through
seismic vulnerability assessments, mitigation programs, oversight authority, and
broader awareness of the situation. Not only are the energy sector facilities
dependent on other sectors (e.g., transportation and communication), they are
interdependent upon each other. The report selectively shares evidence to make
the point that major deficiencies exist but did not pinpoint specific problems that
were observed at individual facilities. The goal is to help influence sound policies
towards more reliable services in Oregon. The approach is to work together with
the energy sector in a manner to develop a common understanding of the risk in
order to increase resilience.
Oregon has a critical energy infrastructure (CEI) Hub located along a six-mile
stretch on the lower Willamette River in Portland, which is an area with high
seismic hazards. More than 90 percent of Oregon’s refined petroleum products
come from the Puget Sound area of Washington State. Oregon imports
petroleum by pipeline and marine vessels to the CEI Hub where all of Oregon’s
major liquid fuel port terminals are located. Petroleum is then distributed
throughout Oregon to the end users. Much of the Oregon's natural gas passes
through the CEI Hub, which also includes a liquefied natural gas storage facility.
A high voltage electrical transmission corridor crosses the CEI Hub as well as
supplies electricity within the CEI Hub.
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Location of Critical Energy
Infrastructure (CEI) Hub

Photo of portion of CEI Hub

Condition of Oregon's CEI: The CEI Hub facilities have infrastructure that
ranges from about 100 years old built to no or very antiquated standards to new
infrastructure built to the current state-of-practice standards. Because of the wide
range of ages and associated construction practices, the seismic vulnerability of
the facilities also spans a wide range. The vast majority of the facilities are
constructed on soils susceptible to liquefaction. Some critically important
structures appear to be susceptible to significant earthquake damage. DOGAMI
discovered that older building codes and practices did not adequately address
many non-building structures that exist in the CEI Hub, such as tanks, pipes, and
piers. Current building codes do not adequately address the seismic deficiencies
in existing CEI Hub facilities.

Some facilities in the CEI hub
were built decades before
current understanding of
earthquake hazards.
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A magnitude 9 Cascadia Subduction Zone earthquake would likely impact the
CEI Hub with: ground shaking; liquefaction; lateral spreading; landslides; coseismic settlement; and, bearing capacity failures (when the foundation soil
cannot support the structure it is intended to support). Secondary seismic
hazards could be initiated and include: seiches (waves that oscillate in water
bodies often initiated by ground shaking); fire; and hazardous material releases,
including by sloshing of petroleum agitated by ground shaking.
Liquefaction and lateral spreading hazards are of primary concern for all of the
facilties in the CEI Hub but in particular for the oil terminals due to Oregon's
intensive reliability on them. The CEI Hub is adjacent to the Willamette River and
has extensive deposits of highly liquefiable soils. These soils have been naturally
deposited by river activity as well as been created from man-made activities,
such as hydraulically placed material from river dredging or debris placed as
landfill. Dynamic ground deformation analyses were performed (using FLAC
software) to better understand the nature of the hazard and the possible
mitigation needs.

Poor conditions of
structures in CEI hub on
liquefiable soils.

Impacts to Oregon:. Due to a combination of the existing seismic hazards,
vulnerability of the exposed infrastructure and potential consequences, Cascadia
earthquakes pose risk to the CEI Hub and to Oregon. Multiple liquid fuel
transmission pipe breaks and natural gas transmission pipe breaks are possible.
Damage to liquid fuel, natural gas, and electrical facilities in the CEI Hub is likely.
The navigational waterway would likely be closed and require clean up.
Tsunamis are expected to damage coastal ports and the Columbia River mouth,
but may not cause significant damage in the CEI Hub. The expected length of
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time to resume services after a Cascadia earthquake has not been evaluated by
any company except Bonneville Power Administration (BPA). BPA's 2012
Cascadia earthquake scenario studies of the existing transmission system
indicate that their main grid would require between 7 and 51 days to make
emergency damage repairs to the transmission system in Oregon and
Washington from a magnitude 9 Cascadia earthquake. This scenario assumes
many ideal conditions (BPA employees and contractor resources are
immediately available, all roads and bridges are passable, available fuel, etc),
which is overly optimistic.
Biographical: Yumei Wang is a civil/geohazards engineer at the Oregon
Department of Geology and Mineral Industries (DOGAMI). She has since 1994
focused on building resilience to natural hazards. She currently serves on the
National Academies liquefaction committee, has been an advisor to the National
Earthquake Hazards Reduction Program (NEHRP), to the 2013 FEMA-funded
tsunami methodology development project and to the 2013 Oregon Resilience
Plan, and has taken part in post-earthquake damage assessments including the
2011 Tohoku, Japan and 2010 Maule, Chile disasters. Wang has been a guest
on PBS NewsHour, been interviewed by The New York Times, and appeared in
documentaries produced by NOVA, National Geographic, and Discovery. Wang
served as a Congressional Fellow in the U.S. Senate in Washington DC, and
worked as a geotechnical consultant in California, including on the 1989 Loma
Prieta earthquake. She has a B.A. in geological sciences from the University of
California at Santa Barbara and a M.S. in civil engineering from the University of
California at Berkeley. Find her full bio at www.OregonGeology.org.
Yumei Wang
Oregon Department of Geology and Mineral Industries (DOGAMI)
Geohazards Enginee
Cell: 503-913-5749
Office: 971-673-1551
Yumei.wang@dogami.state.or.us

Alan Hull, 2:00 PM – Preliminary Abstract – Biography pending
Applications of Probabilistic Fault Displacement Analysis to Pipeline
Mitigation Analysis and Design
Current seismic design guidelines recommend mitigation of buried oil and
gas pipelines where they cross faults with proven surface rupture during the
Holocene Epoch—the last 11,700 years. While fault rupture mitigation is a
prudent approach for pipelines crossing high slip rate faults (> 5 mm/year), lower
slip rate faults (< 1 mm/year) have infrequent surface ruptures compared to the
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operational life of a pipeline. Newly-developed probabilistic fault rupture analysis
methods can be applied to estimate the return period for fault displacements that
may exceed the pipe strain capacity. These methods can assist pipeline owners
and operators to evaluate the need for mitigation engineering at fault crossings.
We describe a simplified probabilistic fault displacement hazard analysis
(PFDHA) procedure that can be used to estimate the probability of surface fault
displacement for the relatively low slip rate faults found throughout the Pacific
Northwest. This procedure incorporates recent research to estimate earthquake
magnitude and fault displacement—two key inputs to any PFDHA. We illustrate
the procedure with examples from pipeline fault crossings from the Pacific
Northwest and California.
Dr. Alan Hull
Seismic Hazard Practice Leader
Golder Associates
Redmond, Washington
ahull@golder.com

Tammy Moore, 2:40 PM
Seismicity and Pipelines in the Northwest: Concerns and Pipeline Measures
The Williams Northwest Pipeline system extends approximately 3,900
miles from Ignacio, Colorado to the American-Canadian border at Sumas,
Washington. This bi-directional pipeline system directly/indirectly serves many
natural gas consumers in the Pacific Northwest, including the major metropolitan
areas of Seattle and Portland, as well as many other communities and industries
along the Interstate-5 (I-5) corridor. This system consists of compressor stations,
meter stations, valve sets, buried pipe, and other infrastructure necessary to
reliably transport and supply natural gas.
The extensive and diverse region this pipeline traverses includes a wide
range of geologic hazards. Many of these hazards are linked to seismicity. The
Northwest Pipeline system crosses approximately 41 Quaternary faults and is in
the proximity of hundreds of others. The additional presence of the Cascadia
subduction zone further emphasizes the seismic hazard present to buried
infrastructure within the Northwest.
Seismic hazards to pipelines can be grouped into two categories: Wave
Propagation Hazards, and Permanent Ground Deformation (PGD) Hazards.
Generally pipeline failures due to seismicity are functions of both wave
propagation and PGD hazards. Wave propagation hazards specifically relate to
the stresses and strains imparted to the pipe as a function of seismic body and
surface waves. The strains on pipeline structures as a result of wave propagation
can be estimated using engineering equations using variables dependent on
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subsurface conditions. PGD hazards consist of landslides, liquefaction induced
hazards such as lateral spreading and seismic settlement, and surface faulting.
An understanding of how these hazards are realized case by case enables
pipeline owners to implement effective preventive measures.
Mitigative measures exist for pipelines in response to seismic activity.
These measures vary by situation, and knowledge and expertise is required for
them to be effective. A pipeline owner may consider relocation or realignment of
new installations, design controls, material selections, and site/ground
improvements to mitigate against geological hazards.
Mitigative measures are not fully effective without proper, ongoing,
pipeline maintenance activities. These activities ensure the pipeline is free of
corrosion or other defects that would be detrimental to the pipeline in any
hazardous situation. Around the clock monitoring and control of pipeline flows
allow for isolation of segments as necessary. Williams’ personnel and local
contractors are located along the pipeline system, thus enhancing the ability to
respond in case of an emergency.
While it is possible to monitor for geologic hazards such as landslides and
river crossings, no practical way exists to accurately predict seismicity. For this
reason, it is important to be aware of the seismic hazards that could potentially
impact the pipeline. Every effort should be made to ensure the maintenance and
integrity of the pipeline so that seismic hazards can be properly mitigated and
addressed.
Biographical: Tammy Moore has worked for Williams as an engineer and
geotechnical subject matter expert for approximately two years. She is
responsible for monitoring and mitigating the geohazards along the Williams
Northwest Pipeline system. Prior to her time at Williams she worked as survey
crew lead with US Forest Service for the Uintah-Wasatch-Cache National Forest.
She completed a Master’s degree in Civil Engineering with a geotechnical
emphasis from Utah State University. During her time at Utah State University,
she researched internal erosion failure in earth dams and levees; specifically
determining a new equation for estimating the critical hydraulic gradients at which
stages of backward erosion and piping develop.
Tammy Moore
Williams Northwest Pipeline
Operations Technical Support
Office: (801) 584-6479
Mobile: (385) 222-1542
Tammy.Moore@williams.com
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Leon Kempner, 3:20 PM – Preliminary abstract
Electrical Transmission Power Grid Seismic Vulnerability and Mitigation
Options
Short abstract: This presentation will discuss high voltage electric transmission
power grid seismic vulnerability and mitigation options to improve resilience.
Lessons learned from worldwide earthquakes (Japan and Chile) and comparison
of these transmission power grids with existing PNW electric transmission
infrastructure will be discussed. The recent subduction zone events had provided
valuable data on the performance of high voltage transmission lifeline systems to
long duration shaking.
The Bonneville Power Administration (BPA) has had an active seismic mitigation
program since the early-1990. The mitigation program includes adoption of the
current industry standards and participation in standards development for seismic
design of substations. BPA’s applied research efforts have resulted in unique
mitigation options to improve the seismic performance of vulnerable high voltage
equipment. The implementation of an extreme event assessment computer
program is used to better understand the seismic vulnerability of the existing BPA
power grid.
The above topics will be summarized in the presentation.
Vita:
Dr. Kempner has 41+ years of experience as a structural engineer for the
Bonneville Power Administration, USDOE. Assignments have included structural
engineering analysis, design, assessment, and research of transmission line
facilities (transmission line towers, substation and microwave structures, and
seismic upgrade high-voltage transmission line facilities). The last 20+ years Dr.
Kempner has been performing seismic evaluation, research, qualifications,
standards development, and mitigation of the Bonneville Power Administration
transmission line facilities.
Leon Kempner Jr, PhD, PE, FSEI
Principal Structural Engineer
Transmission Engineering (TEL-TPP3)
Bonneville Power Administration/USDOE
P.O. Box 61409
Vancouver, WA 98666-1409
Phone: (360) 619-6556, Fax (360) 619-6984
Email: lkempnerjr@bpa.gov
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Pacific Northwest power grid and magnitude of Cascadia Subduction Zone
impact (colored explained in talk).

Damaged	
  Current	
  Transformers	
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Lourie Holien, 4:00 PM – Preliminary abstract
Planning for the Big One: One, Two, Three, Hike!
Oregon’s greatest threat is a Cascadia Subduction Zone earthquake and
tsunami resulting in significant loss of life, widespread injuries, and major
property and critical infrastructure destruction. The damage and impact to
roads and bridges, and energy, water, and telecommunications systems in
coastal regions and throughout the Willamette Valley and I-5 corridor will
be extreme. The interdependencies of essential systems and other critical
services will influence the prioritization for restoration. Damage
assessments and emergency power for critical services are only the
beginning. Restoration efforts will require substantial coordination with
many partners as they tackle debris clearing, transportation repairs, and
facilitating federal assistance and outside resources and equipment. How
will local, state and federal agencies coordinate? How will
nongovernmental organizations be leveraged to extend capabilities? What
is the role of the private sector and what can they provide to response and
recovery efforts? What support will out-of-state utility workers require?
What is the best strategy to build an interface between so many players
from the whole community?
The State’s Office of Emergency Management is responsible for
coordinating the efforts among local, state and federal agencies as well as
nongovernmental associations and the private sector to respond effectively
to a CSZ event. In this presentation, participants will learn about the
Cascadia Playbook, an innovative project to inform decision-makers and
synchronize efforts of more than 200 different organizations with one
common checklist of action items. The Cascadia Playbook concept is
making waves and gaining visibility throughout the country. Discussion will
focus on the immediate response phase of the first 14 days, priorities from
a statewide perspective, and describe the State’s use of an expanded
Emergency Support Function (ESF) framework during disasters to
coordinate efforts.
Biographical: Laurie J. Holien (Ho-leen) is the Deputy Director of the
Oregon Office of Emergency Management (OEM). She has 15 years of
operational experience in Emergency Management and Critical
Infrastructure Security. Before joining Oregon OEM in Sept 2013, she was
a consultant for Scientific Research Corporation working on scopes of work
for the Department of the Navy (SPAWAR), DHS, FEMA, and other local
emergency management agencies.
In 2010, she was named a Naval Postgraduate School/Center for
Homeland Defense and Security Alumni Fellow, and in this capacity worked at
FEMA’s Headquarters in Washington D.C., including activations of the National
Response and Coordination Center. Prior to that, she was a strategic advisor and
manager responsible for critical infrastructure protection and emergency
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management missions at the City of Seattle, Public Utilities Department. She has
served as a Planning Section Chief on a level III Incident Management Team in
King County, WA. Ms. Holien has extensive experience in catastrophic planning,
essential utility service delivery, COOP programs, risk management, incident
management within an EOC environment, private sector interdependencies, and
local and state collaboration. Ms. Holien earned her Master’s degree from the
Naval Postgraduate School and holds a Bachelor’s degree in Communications
from the University of Washington.
Laurie J. Holien
Deputy Director
Oregon Office of Emergency Management
O: 503-378-2911 x22225
C: 971-301-0237
Laurie.holien@state.or.us

Scott Burns, 7:15 PM – Evening Talk
Tale of Two Floods – the Fascinating Geologic History of the Columbia
Gorge and its relevance to Energy Infrastructure Vulnerability
The Columbia Gorge is not only one of the most scenic areas in the
United States but has an incredible geological history. Much of that history is
captured in the tales of two cycles of floods, one hot lava, the other cold glacial
waters with ice burgs.
Most of the Gorge walls expose multiple layers of Columbia River flood
basalts that flowed between 16 and 14 million years ago. These lava flows
originaled from faults associated with a mantle hot spot located where Oregon,
Washington and Idaho come together today. In the Gorge they are stacked one
on top of another. The Columbia River has been flowing though this area for
over 25 million years, and despite displacement by the basalt flows, and the uplift
of the Cascade Mountain starting seven million year ago, the river has
maintained its westward flow.
A second set of floods are those of the glacially driven Missoula Floods.
These floods originated from a glacially damned lake in Montana. Multiple cycles
of ‘ice-damning and failure’ resulted in many catastrophic flows through the
Gorge, eroding and depositing sediments over and over again. Flood erosion
steepened the Gorge walls resulting in landslides and other geological events
that shaped the Gorge landscape to what it is today.
Major transportation routes pass through the Gorge and will be discussed
in light of the geological hazards of the Gorge. Scott Burns will cover this
incredible geological history in preparation for the field trip the following day in
the Gorge.
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Biographical: Scott Burns joined the Department of Geology at Portland State
University in 1990, retiring in 2013. Scott’s career of more than 40 years
includes positions at institutions in Colorado, Louisiana, Washington, and in New
Zealand and Switzerland. He has published dozens of articles and chapters, coauthored with Marjorie Burns (no relation) of Cataclysms on the Columbia: The
Great Missoula Floods, and edited Environmental, Groundwater and Engineering
Geology: Applications from Oregon. Prof. Burns’s legacy reflects his scholarship,
mentoring and service in advancing the field of geosciences: from earthquakes
and landslides to radon hazards, the aftermath of the Missoula Floods, and the
Willamette Valley’s Jory soils that help produce Oregon’s famed pinot noir wines.
An indefatigable presenter, Burns has delivered hundreds of talks over the
years in both academic settings and to the community. He is a ubiquitous
presence in local television news coverage of earthquakes, landslides, and other
natural calamities.

Saturday Field Trip; Departing 9:00 AM -- Returning 5:00 PM
Columbia River Gorge Landslides – Recent and Historical
Leader: Scott Burns, Portland State University
Participants will get a chance to visit the Gorge and observe the beautiful
scenery, talk about the geological origins of what we see, and relate all back to
the transportation infrastructure of the Gorge.
The field trip will begin at Chanticlear Point for an overall view of the
Gorge. Stops will include:
•
•

•

Dodson debris flow at Tumult Creek and the Royse Debris Flow of 1996.
Bridge of the Gods Landslide at Cascade Locks and the reactivation of the
Red Bluff Landslide that is currently active. We will discuss but not visit
the 2008 Stevenson (Washington) Landslide.
View the recent Hood River Landslide on I-84 and the Wind Mountain
Landslide reactivated in the 1970’s.

From Chanticlear Point we will drive along the Old Scenic Highway with
stops at Latourelle Falls and Multnomah Falls (Oregon’s #2 tourist attraction) and
talk about rockfall. In addition to the geology we will talk also about the building
of the old highway by the two Sams (Sam Lancaster and Sam Hill).
Much of our discussion will revolve around the major transportation routes
including highways, railroads, transmission lines and river transport, and how
they can be impacted by major ground shaking from a Cascadia subduction zone
mega-earthquake.
We will have a buffet lunch stressing Oregon foods (sandwiches, salads,
etc.) and Oregon wines and microbrews.
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