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Executive Summary

(Provide overview of effort, include objectives and how those objectives will be
achieved (10,000 characters or less):

During FY10-13, we started analyzing tsunami hazard to develop inundation maps for
the US East Coast (USEC). In the process, we simulated far-field co-seismic tsunami
sources from the Puerto Rico Trench (PRT) and the Agores convergence zone (LSB), and
a flank collapse of the Cumbre Vieja Volcano (CVV) (Grilli et al., 2010, 2015a; Abadie
et al., 2012; Harris et al., 2012, Tehranirad et al., 2015a; Grilli and Grilli, 2013a,b,c). In
parallel, we sited, parameterized, and modeled a few near-field SMFs as Currituck slide
proxies represented as rigid slumps (Grilli et al., 2015b). This work led to developing
first-generation tsunami inundation maps (maximum envelope) for a nearly continuous
coastal region extending from Ocean City, MD (Tehranirad et al., 2014) to Cape Cod,
MA, with less continuous coverage to the south including Virginia Beach, VA, Cape
Hatteras, NC, Myrtle Beach, SC and Savannah, GA. Coverage excluded major bays or
estuaries such as Chesapeake Bay, Delaware Bay, Hudson River, Long Island Sound and
Narragansett Bay (see reports at http://www.udel.edu/kirby/nthmp/ nthmp_protect.html;
Tehranirad et al, 2014, 2015¢c-k). The continuation of this inundation mapping work has
led to a reasonably comprehensive coverage to date of tsunami impact along the USEC
(Fig. 1), with the exception of Florida, where DEM and updated source information has
only recently become available. Florida inundation mapping is being completed during
the first half of 2017.

In FY14, we addressed several important issues as part of three tasks:




(i) We investigated dynamic tidal effects on tsunami behavior in Chesapeake Bay
(Norfolk, VA) and the Hudson River estuary and New York Harbor, which are highly
populated areas of the USEC with strong tidal forcing. Both of these areas were modeled
as part of FY10-13 work, but these investigations did not take into account any potential
effects of the tidal conditions. Here, we assessed whether a combined tide-tsunami
scenario could potentially lead to more hazardous conditions than would be expected
from linear superposition alone. We found that tidal effects in Chesapeake Bay, although
causing measurable changes in the incoming tsunamis, did not cause a significant
increase in runup and/or inundation (Tajalli Bakhsh et al., 2015); in the Hudson River
estuary, increases in inundation during impact of the PRT, CVV and local SMF sources
led to an up to 0.8 m or 25% increase in inundation (Shelby et al., 2015, 2016). This will
eventually impact the next generation of inundation maps.

(ii) The current USEC inundation maps include landslide tsunamis resulting from 4
Currituck SMF proxies, parameterized as rigid slumps (Fig. 3). Here, we started the
process of refining these sources by: (1) including a broader set of SMF cases from the
geological record, such as landslide sources in the West Bahamas Bank (Schnyder et al.,
2016), (2) performing a broader range of inundation simulations for the CVV flank
collapse, for smaller volumes than the extreme 450 km?® slide volume used to date
(Tehranirad et al., 2015a); this led to selecting a 80 km? for inundation mapping, and (3)
examining the tendency of the wide EC continental shelf to provide a somewhat source-
independent control on the longshore distribution of tsunami elevation; this analysis
combined direct wave modeling and ray-tracing and showed that predicted inundation
levels can become potentially insensitive to the exact nature and location of tsunami
source events, due to the refractive control by the wide USEC shelf (Tehranirad et al.,
2015a, 2016).

(iii) We started comparing existing storm surge inundation maps and tsunami inundation
maps for areas that have had high-resolution tsunami inundation modeling. Due to the
greater likelihood of hurricane events in the South Atlantic area, it is likely that such an
approach will have to take into account regional variations in storm probability and shelf
geometry that we are just developing an understanding of now (Tehranirad et al., 2016).
A collaboration with the Gulf of Mexico group was established and we are still working
on development of a joint methodology.

In FY15, we worked on three main technical tasks:

(i) We started organizing a landslide tsunami model benchmarking and validation
workshop, that was held Jan. 9-11, 2017 in Galveston, TX (http://www]l.udel.edu/
kirby/landslide/index.html). The outcomes are still being worked out but are expected to
be a set of community accepted model benchmarking tests, a web-based documentation
of workshop and related data, and recommendations for NTHMP-MMS as of acceptable
landslide tsunami modeling methodology.

(ii) We continued our FY 14 effort of further refining and extending the set of potential
SMF sources along the Atlantic margin, and applying new source modeling techniques
for tsunami activity in the North Atlantic. In doing so, we started revisiting the modeling
of the Currituck SMF proxies (Grilli et al., 2015a,b) by applying deforming slide models
such as granular slides (Ma et al., 2015), debris flows (Ma et al., 2013), or slides modeled
as a dense Newtonian fluid (Kirby et al., 2016); see example in Figs. 2 and 4 (this led to




the work reported in Grilli et al., 2016¢). Applying deforming slide models however
requires specifying realistic rheological and frictional properties, which must be informed
by field data. We expect guidance from USGS (e.g., J. Chaytor) in this respect (see for
instance Chaytor et al., 2014 for new SMF sources off of the Florida straight).

(iii) As there is a vast area of the coastline to cover, we continued the FY14 effort of
assessing tsunami hazard for unmodeled East Coast sites. We collected additional FEMA
flood maps and continued applying the testing method developed during FY14 to
objectively compare the FEMA and NTHMP maps and infer information for the
unmodeled areas.

In FY16, we are working on 4 technical tasks, which are partially completed or about to
start, aimed at:

(i) assessing maritime hazard for the USEC in terms of tsunami currents, based on
information stored during FY10-15 inundation studies.

(i) presenting tsunami mapping results and products to state EMA managers

(iii) continuing to simulate SMF events with recently developed models for landslide
tsunami generation, as described for FY15 above. Deforming slide simulations for the
Currituck SMF proxy in the Hudson River Canyon (Area in Fig. 3) have been compared
to earlier results based on rigid slumps (Grilli et al., 2016¢), which showed that
deforming slides, in general, cause less inundation than the rigid slumps; hence, the latter
used so far in USEC inundation mapping are conservative. The siting and
parameterization of additional selected SMFs will be based on the most recent field data,
in collaboration with USGS, once they complete their analysis and disseminate results
based on their cruise data.

(iv) developing a modeling methodology for hazard from meteo-tsunamis, or
meteorologically forced surface wave patterns resulting from fast moving squall lines
(Figs. 12-14). These have been shown to be important for the EC when considering
events with a 100-200 year return period (Vilibic et al., 2014). This task also initiates
work on estimating return periods of the various considered tsunami sources.

Starting work on some FY 16 tasks has been delayed due to significant time spent by
both PIs in preparing and running the Landslide Tsunami Model Benchmarking
Workshop, held on Jan. 9-11, 2017. This workshop was very successful, with an
attendance of about 30 participants, including key national and NTHMP players as well
as many invited international experts (http://www.udel.edu/kirby/landslide/index.html).
Fig. 2 illustrates one of the selected mandatory benchmarks (BM #4). All workshop
results will be disseminated on the workshop webpage and in the form of proceedings
and paper(s); this will be done as part of FY 16 work and continue in FY 17 proposed Task
1 (see below).

For FY17, we propose working on 2 technical tasks, with an additional Task 3 covering
travel for CC member Kirby to NTHMP annual meeting and to MMS summer meeting;
additionally the subawardee budget for tasks 1 and 2 covers travel of Grilli to meet Kirby
either at his home institution or another venue to coordinate work on project tasks.

Task 1 continues work on return periods of tsunami sources, which are important to EMA
managers and other stakeholders. 7ask 2 considers hazard from meteo-tsunamis, which




have been shown to be important for the east coast, including collaboration with the
group initiating a tsunami detection effort by HF radar on the USEC. The 2 proposed
technical tasks include:

Task 1: Development of estimates of tsunami return periods: Continue work initiated in
FY16 on estimation of return periods of extreme tsunamis from various sources used in
inundation mapping with emphasis on landslide and meteo-tsunamis.

Task 2: Simulation and evaluation of meteo-tsunami hazard: Simulation of propagation
and coastal impact of meteo-tsunamis generated on the wide EC shelf, for representative
events of 100-200 year return period.

As for FY10-FY 16 work, tsunami modeling will be carried out with FUNWAVE-TVD, a
2D Boussinesq model, in Cartesian or spherical coordinates (Shi et al., 2012a; Kirby et
al., 2013), and NHWAVE, a 3D, sigma-coordinate RANS non-hydrostatic model (Ma et
al, 2012). FUNWAVE-TVD is used for tsunami propagation and inundation, and has
been benchmarked for NTHMP inundation and current modeling. The model has recently
been extended to include a sediment transport capability in order to analyze morphology
adjustments during tsunami events (Tehranirad et al, 2015b, 2016a,b) as proposed in task
4. The pressure forcing mechanism required for meteo-tsunami simulations in Task 5.1
has also previously been implemented in the model, and a demonstration of the accuracy
of the model in generating ship waves is discussed in the supporting document.
NHWAVE is used to model landslide tsunami generation for various slide types and
rheologies.

We stress that no new model development will be done in FY17 using NTHMP funding,
particularly for SMF tsunamis, for which the PIs have an active NSF project (2015-2018)
to “develop the next generation of landslide tsunami simulation models”. The two tasks
above are thus primarily intended to support the MMS outcome: “Tsunami hazard
assessment that supports informed decision making in tsunami-threatened communities.”
Task 1 addresses the MMS strategy to “Develop new tsunami hazard products to assist
the maritime community and meet emergency management and other NTHMP customer
requirements”. Task 2 addresses the specific MMS strategy to “Update previously
developed inundation maps as necessary based on new tsunami source information,
improved digital-elevation models, and/or improved modeling technology .

Background

Provide Background information including history of NTHMP partnership,
experience with tsunamis, and past achievements with NTHMP funding (5,000
characters or less):

In contrast to the long history of tsunami hazard assessment on the US West coast and
Hawaii, tsunami hazard assessment along the USEC is still in its infancy, in part due to
the lack of historical tsunami records and the uncertainty regarding the magnitude and
return periods of potential large-scale events (such as the PRT, LSB and CVV sources




used so far). Moreover, considerable geologic and some historical evidence (e.g., the
1929 Grand Bank landslide tsunami, the Currituck slide site off North Carolina and
Virginia, the South New England slide complex, and the West Bahamas slide off of
Florida) suggests that the most significant tsunami hazard in this region may arise from
SMFs triggered on the continental slope by moderate seismic activity; such tsunamigenic
landslides can potentially cause concentrated coastal damage affecting specific
communities (Grilli et al., 2009, 2015b, 2016c¢; ten Brink et al., 2014).

The proposing team of Kirby and Shi (UD), and S. Grilli and A. Grilli (URI) has over 20
years of experience developing and applying tsunami generation and propagation models
for various sources. Since FY10, they performed NTHMP-funded work aimed at
developing tsunami inundation maps for the USEC. Work to date has been entirely on
topics related to MMS strategies and outcomes. Specifically, we modeled inundation
resulting from potential coseismic, SMF, and volcanic cone failure (Fig. 5), events in the
Atlantic basin, in support of the goal of developing tsunami inundation maps for coastal
communities along the USEC. FY10-12 work centered on development of an initial set of
tsunami sources and high resolution mapping of priority DEMs from Ocean City, MD to
Cape Cod, MA (Fig. 1). FY13 work modeled additional regions further south, including
Virginia Beach VA, Savannah, GA, and Myrtle Beach, SC using existing sources, and
Miami FL and vicinity using a SMF source based on the West Bahama Banks (Mulder et
al., 2012). This last study leverages a collaboration with U. Miami, who have performed
the initial analysis and modeling of the source. FY14-15 work continued the mapping
effort, with the inclusion of extreme SMF proxy sources off the upper USEC (rigid
slumps in 4 areas; Fig. 3). Additional work was also conducted to: (i) estimate tsunami
inundation risk and magnitude in the not-yet-mapped areas based on FEMA storm
inundation maps and an analysis of the effect of the continental shelf in determining
tsunami wave height distribution; and (ii) model tsunami-tide interactions in estuaries and
harbors with strong tidally-induced flow (e.g., Chesapeake Bay, Hudson River, New
York Harbor) and evaluate how this affects tsunami inundation. Ongoing work in FY16
re-evaluates SMF sources using more realistic rheologies and the impact this has on
USEC tsunami risk. Fig. 4 illustrates such results, for the SMF proxy sited off of the
Hudson River canyon, and confirms that tsunami inundation from a rigid slump is a worst
case scenario, as compared to 3 moderately deforming slides of various rheology with
identical volume and location. More work in this respect will be performed in FY 16.

In this work, tsunami modeling was performed using state-of-the-art models that were
benchmarked as part of NTHMP workshops (Tehranirad et al, 2011, 2012; Shi et al,
2012b) for use in NTHMP-sponsored work, including: (i) FUNWAVE-TVD, a
Boussinesq long wave model used to model 2D (horizontal) tsunami propagation in
Cartesian or spherical coordinates (Shi et al.,, 2012a; Kirby et al., 2013), and (ii)
NHWAVE, a 3D sigma-coordinate RANS model (Ma et al, 2012) used to model tsunami
generation from landslide sources (Ma et al., 2013, 2015; Kirby et al., 2016; Grilli et al.,
2015b, 2016c). NHWAVE can be used to simulate landslide tsunami generation for slides
represented as a dense viscous fluid (Figs. 2, 4), a granular flow, or a debris flow, as
required to perform work proposed in Task 1. FUNWAVE-TVD was recently extended
to include a sediment transport capability in order to analyze morphology adjustments




during tsunami events (Tehranirad et al, 2015b, 2016a,b). The pressure forcing
mechanism required for meteo-tsunami simulations in Task 2 has also previously been
implemented in the model, and a demonstration of the accuracy of the model in
generating ship waves is discussed in the supporting document (Figs. 12-14).

More specifically:

(1) NHWAVE models dispersive wave response to SMF or subaerial slide motions.
Three models of SMF motion have been implemented to date: bottom motion
described by motion of a solid mass (Ma et al, 2012), response to gravity currents
modeled as suspended sediment load (Ma et al, 2013), and non-hydrostatic water
column response to the motion of a depth-integrated, deformable slide layer on
the bottom. The latter case has been applied using rheologies corresponding to
dense viscous flows (Kirby et al, 2016; Grilli et al., 2016¢) or granular debris
flows (Ma et al, 2015). All three forms of the NHWAVE model were recently
benchmarked as part of the NTHMP landslide tsunami model benchmarking
workshop held in Galveston, TX, Jan. 9-11, 2017 (Fig. 2). The full reporting,
additional analyses, and disseminations of results of this important workshop,
based on earlier similar NTHMP workshops, could take up to 1-2 years.

(2) FUNWAVE and the basic version of NHWAVE are open source, publically
available models, that are efficiently parallelized using MPI and use a one-way
coupling methodology, allowing for large scale computations of tsunami
propagation and coastal impact to be performed in a series of nested grids of
increasingly finer resolution. Both models deal with breaking dissipation via a
TVD algorithm and also implement bottom friction. While we have mostly
considered rigid SMFs in our inundation mapping work to date (Grilli et al.,
2015a,b), which yield worst case scenario SMF tsunamis, during FY15-16 we
started modeling deformable SMFs using the most recent versions of NHWAVE
(Ma et al., 2013, 2015; Kirby et al., 2016). We started assembling a set of model
results based on deforming slide calculations (Grilli et al., 2016c). We will be
coordinating the siting and parametrization of additional selected SMFs and
subaerial slides with USGS as soon as they have processed and distributed the
necessary field data.

Project work on sources has been documented in a series of reports and peer-reviewed
papers, which are available at http://www.udel.edu/kirby/nthmp.html. Inundation reports
and map products are in draft stage and will be distributed to stakeholders for evaluation
shortly. These reports provide guidance on accessing modeling results, stored as raster
based data sets in ArcGIS format. Tabulated results include inundation limits, inundation
depths, maximum velocities and maximum momentum fluxes for initially dry areas, and
maximum elevation, velocity and vorticity for initially submerged areas.

In this box, provide the title of each task.

The tasks listed should reflect priorities for sustainment of current activity and




participation in NTHMP supported projects and should be consistent with the
NTHMP Strategic Plan.

Explain carefully how this new grant will not overlap or duplicate any work under
current NOAA grants which, with no-cost extensions, could overlap in time periods
for execution.

Task 1: Development of estimates of tsunami return periods

This task continues an ongoing effort by considering additional types of tsunami sources,
such as meteo-tsunamis.

Task 2: Simulation and evaluation of meteo-tsunami hazard
This task continues an ongoing effort by applying the modeling methodology being

developed in FY16 to simulating the propagation and coastal impact of meteo-tsunamis
generated on the wide EC shelf, for events of 100-200 year return period.

Task 3: Travel to NTHMP meetings




Task Project Narratives

Describe task(s)
Using the table below include a brief description of the tasks that support NTHMP
Strategic Outcomes and Strategies



Task 1: Development of estimates of tsunami return periods.

In this task, we will continue work on estimation of return periods of extreme tsunamis
from various sources used in inundation mapping with emphasis on landslide and meteo-
tsunamis.

This activity was initiated as part of FY16 work and involves a reevaluation of tsunami
sources used for inundation mapping along the USEC, in terms of a recurrence period,
which so far have been treated as “Probable Maximum Tsunami” (PMT) sources, and
combined in inundation maps, without a consideration of their return period. While some
of these sources may have a return period of a few hundreds to a thousand years (e.g., the
seismic sources in Puerto Rico and in the Acgores convergence zone), others may have
much longer, but unknown, return periods (e.g., the nearshore submarine mass failures
and volcanic collapse sources). Hence, the current inundation maps do not allow putting
east coast tsunami risk in perspective with other more probable flood risks, such as from
hurricanes with 100 or 500 year periods, which is a concern for EMA managers.

For this reason, it was proposed to initiate this activity during FY 16 and first concentrate
on landslide tsunamis from nearshore sources, which up to now have been assumed to
represent the highest tsunami hazard along the USEC. Another reason was that new
geophysical/seismological and field work/data is required for estimating the return period
of the two large seismic events considered in our work (i.e., M9 earthquakes in Puerto
Rico and in the Azores), which is not yet available from USGS. For submarine mass
failures (SMFs), however, USGS has been conducting extensive field work and surveyed
past SMFs on the Atlantic margin (e.g., ten Brink, 2014); the large data base of
geological/geophysical data that resulted from this work, once fully analyzed, can be used
for estimating SMF tsunami return periods. On this basis, the study of SMF return
periods initiated in FY16 is based on revisiting and improving the earlier Monte Carlo
analysis of Grilli et al. (2009) for upper USEC landslide tsunami sources, using both the
most recent field data, once made available by USGS, as well as our recent SMF tsunami
generation models.

In FY17, we propose to continue the evaluation of the return periods of landslide
tsunamis. We will evaluate the more recent landslide sources identified for the upper
USEC in the “Southern New England slide complex™, and for the southern USEC (e.g.,
West Bahamas Bank, Florida straight) (J. Chaytor; presentation at NTHMP landslide
workshop, Jan., 2017).

List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.

1. “Develop new tsunami hazard products to assist the maritime community and meet
emergency management and other NTHMP customer requirements”

Date of expected
completion Describe what will be achieved (bullet/short form)




August 31, 2019

e Continue probabilistic analysis of east coast SMF events for
new sources identified by USGS, based on updated
information on shelf sediments and geotechnical properties
in order to estimate the return period of these events

e Develop a methodology for evaluating the return period of
mete-tsunamis

Task 2 Total Cost: $51,467




Task 2: Simulation and evaluation of meteo-tsunami hazard

In this task, we will simulate the propagation and coastal impact of meteo-tsunamis
generated on the wide EC shelf, for events of 100-200 year return period.

Meteo-tsunamis, resulting from resonant forcing of surface waves by atmospheric
pressure anomalies, represent a potential source of maritime hazard and shoreline
inundation along the US East Coast, which is bordered by wide shallow shelves (Vilibic
et al, 2014; Thomson et al., 2009). These events are being considered in East Coast work
for the first time in FY 16, with an eye towards assessment of the hazard associated with
return periods of 100-200 years.

Meteo-tsunamis can be created by derechos, or fast-moving bands of severe
thunderstorms, whose translation speeds can be near the long wave velocity on the shelf.
In this case, energy is transferred from the pressure-induced surface deformation caused
by the storm to the tsunami, causing it to grow. On June 13, 2013, the Northeast was
struck by a significant meteo-tsunami which was apparently generated by a rapidly
moving storm which tacked across New Jersey and moved directly offshore (Wertman et
al., 2014). The resulting meteo-tsunami waves induced resonances in a number of
harbors along the East Coast, causing some damage. The event’s effects were felt as far
away as Puerto Rico (ten Brink et al., 2014). Long waves were measured at 30 tide
gauges along the coast from North Carolina to Massachusetts, with the largest elevations,
1.8 m, being measured in New Jersey and about 0.3 m measured in Newport, RI. Recent
modeling work by Geist et al. (2014a,b) reveals that the storm created offshore-moving
long tsunami-like waves. Upon reaching the shelf break, some of these waves refracted to
eventually propagate onshore in both NW and SW directions, while part of the waves
continued in the SE-S direction towards Puerto Rico. Geist et al. indicated that, when
considering 100-200 year return periods for such an events, one could expect up to 2 m
tsunami elevations at the coast, which are of a size similar to those caused by the other
far- and near-field Atlantic sources considered so far in our work. One goal of this task
will be to re-examine the 100-200 year return period analysis in light of hazard
assessment on the U.S. East Coast.

In FY16 work, we are presently using the Boussinesq model FUNWAVE-TVD (Shi et
al., 2012) extended to include the effect of an imposed atmospheric pressure forcing of
arbitrary form in (x,),7), to begin the modeling of the generation, propagation, and coastal
impact of extreme meteo-tsunamis (similar to or even slightly stronger than the 2013
event). Our focus is on the examination of the interaction between storm size, forward
speed and track, and the resulting potential for meteo-tsunami wave generation. In our
present work, we will assess the spatial distribution and variability of coastal impacts for
conditions leading to large meteo-tsunami. The tsunami generation phase will be modeled
using FUNWAVE-TVD, which already has the capability for specifying a moving
pressure distribution on the surface as an extension of the free surface dynamic boundary
condition (see Figure 6 for an idealized example). Meteo-tsunami events will be
generated in the same grids now used for coastal ocean simulations (i.e., the largest scale
UTM Cartesian grids) as described in previous inundation reports (see Tehranirad et al,




2014, 2015 a-k, for example). We generate events by specifying a moving, elongated
low-pressure patch as an idealization of a severe storm or thunderstorm. Further nesting
to evaluate nearshore wave properties, shoreline inundation, and maritime hazard is
carried out using FUNWAVE in a series of nested grids of increasingly fine resolution
towards shore, by a one-way coupling methodology, as is our standard procedure for
previous and ongoing modeling.

The pressure forcing mechanism required for meteo-tsunami simulations is an operational
component of the FUNWAVE-TVD model, and is presently also being used in a project
funded by the US Army Corps of Engineers to model ship waves and associated shoreline
impacts in harbors and navigation channels. A demonstration of the accuracy of the
model in generating ship waves using a surface pressure is discussed in the supporting
documentation.

List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.

“Update previously developed inundation maps as necessary based on new
tsunami source information, improved digital-elevation models, and/or improved
modeling technology”

Date of expected
completion Describe what will be achieved (bullet/short form)

e Estimation of a meteo-tsunami climatology with return
August 2019 periods in the range of 100-200 years for east coast
continental shelf.

e Model validation using observed results such as the 2013
event off of New Jersey.

Task 5 Total Cost: $62,030




Task 3: Travel to NTHMP meetings

At the request of the NOAA Tsunami Program Office, UD is proposing travel for its
members of the NTHMP Coordinating Committee to attend and participate in NTHMP-
sponsored meetings planned to occur during the grant performance period. Support is
requested for CC member Kirby (UD) to attend NTHMP Annual Meeting and MMS
technical meeting (Travel Category 1).

1. NTHMP Annual Meeting

This is a five-day series of meetings for NTHMP subcommittees, cross-functional
collaboration meetings, a two-day Annual Meeting, a NTHMP grantee’s meeting,
and a Coordinating Committee meeting.

The meeting location has not been determined by the NTHMP. Average rates and
cost estimates provided by the NOAA Tsunami Program were used.

The Science representative (Kirby) appointed to represent the US East Coast will
attend and participate in this meeting.

2. Mapping & Modeling Subcommittee Scientific Exchange Meeting

This three-day meeting is a regular meeting to exchange tsunami science
information, mapping, and modeling details, which enhances collaboration and
consistency among NTHMP partners.

The meeting location has not been determined by the NTHMP. Average rates and
cost estimates provided by the NOAA Tsunami Program were used.

The Science representative (Kirby) appointed to represent US East Coast will
attend and participate in this meeting.

List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.

Date of expected
completion Describe what will be achieved (bullet/short form)

Attendance of CC and MMS members at NTHMP meetings
August 2018

Task 3 Total Cost: $6,792

COLLABORATION AND SYNERGIES

1. Collaboration is defined as two or more grantees working on the same project in their
respective states and/or territories. Collaboration does not include merely sharing




resources or information with each other. This section of the Project Narrative is
about jointly-funded NTHMP grant activities shared among one or more NTHMP
grant partners.

If there are no jointly-funded shared tasks with another NTHMP Grantee, then check
this box and leave the rest of this page blank:

__ X No jointly-funded tasks with any other NTHMP Grantee.

. List any tasks above that will be directly worked on collaboratively with any other
NTHMP grantee. State the Task and task number from your grant as well as the
name of the other NTHMP grantee and its specific Task and task number for this
same activity. For this activity to count as being collaborative, your Task/Task must
also appear on your collaborative partner’s FY 15 NTHMP Grant Narrative in this
same space.

This | Grant partner name
grant | & Task # Short description of collaborative task
Task
#

. Describe with whom and how you will work collaboratively on the task(s) listed in
the table above.



Summary of Tasks

Task Expected Requested
Completion funding
month/year

1. Tsunami return periods 8/19 $51,467

2. Simulation of meteo-tsunami 8/19 $62,030

3. Travel to NTHMP meetings 8/18 $6,792

Total FY 17 Grant Request $120,290

Attach the following to this application:
1. Resume or C.V. for each person serving in a grant-funded role.

2. All required documentation listed in the checklist on the last page of the Budget
Narrative.
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Figure 2. Comparison of model simulations of deforming slide tsunami generation and
glass bead experiments (see Grilli et al., 2016c¢). This was selected as Benchmark #4 of
workshop (http://wwwl.udel.edu/kirby/landslide/index. html).
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Figure 4. Tsunami generation by a submarine mass failure in the Hudson River Canyon.
Maximum surface elevation assuming a rigid slump (a) or a deforming slide (b) (Grilli et
al., 2016¢). Maximum tsunami elevation at the 5 m isobaths (yellow line in Figs. 4a,b)
for the rigid slump (blue) and deforming slides of varying rheology (green, red, black)
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Figure 5: Snapshot in Navier-Stoke simulations with model THETIS (Abadie et al., 2012) of the
Cumbre Vieja Volcalo (La Palma) flank collapse/subaerial slide, for the most extreme 450 km’
volume scenario. (a) View of 3D simulations with both surface wave generation(towards nearby
Canary Islands) and underwater slide, (b) Cross-section in the main direction of wave
generation (WSW) showing the generation of very large, nearly breaking waves (several 100 m
high at this stage) and velocity vectors in both water and the dense fluid slide material.
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Figure 6: An idealized meteotsunami example. A Gaussian pressure distribution with major and
minor axes = 30 km and central pressure deficit of 450 Pa translates at speed 20m/s over a water
body of constant depth 40m. (top) pressure field. (bottom) Surface wave pattern computed by
Boussinesq model FUNWAVE. Wave is evolving in a channel bounded by sidewalls at constant

latitudes. Distortion in waveform is due to the N-S variation across the grid.

Surface wave response to atmospheric pressure forcing in Funwave-TVD

Surface forcing by variable atmospheric pressure has been implemented in FUNWAVE-
TVD in connection with a U.S. Army Corps of Engineers-funded project associated with
shoreline erosion caused by ship-waves. In the model, moving ship hulls are represented
by imposed pressure anomalies of a given shape, amplitude and translational speed. The
moving pressure distribution is applied on the free surface as a source term in the
FUNWAVE momentum equations to simulate ship generated waves (e.g., Torsvik et al.,
2008). The model has been tested using the laboratory experiment of Gourlay (2001),

who investigated waves generated by a vessel traveling at a supercritical speed in a
narrow channel.



The generation of large surface waves in response to a pressure impulse moving at or
close to the critical speed for shallow water waves is strikingly close to the situation on
the shelf, where meteo-tsunamis are generated by more general forms of atmospheric
disturbance, also moving across the surface at the speed of free surface waves. It is thus
of value to establish that FUNWAVE-TVD’s response to such forcing, in the case of
weakly dispersive wave propagation (as is characteristic of tsunami wave behavior on the
shelf), is accurate. This is established here by comparing model results to experimental
data for the case of a ship hull moving at critical speed in a shallow channel bounded by
sidewalls (Gourlay, 2001). In this case, the ship forces the presence of an elevated shelf
of water in front of the advancing hull, which then develops, through an undular bore-like
process, into a train of advancing solitons or solitary waves. Figure 7 shows the modeled
soliton generation with a fast moving pressure source (red curve). The model/data
comparison in Figure 8 shows a good agreement between the model and measured data.
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Figure 7:. Snapshots of modeled surface elevations generated by a moving pressure
source (Gourlay, 2001).
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Figure 8. Comparison of time series of total depth (h + 1) normalized by still water
depth h for model (red dashed line) and experiment data (black solid line, Gourlay,
2001).
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