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Abstract 
 

We have simulated the 0-7.5 Hz seismic response of the Long Valley Dam (LVD), CA, in 
a 3D velocity model using a supercomputer for a 2015 M3.7 event and the 1986 M6.2 Chalfant 
Valley earthquake. The simulations include frequency-dependent attenuation Q(f), surface 
topography, and near-surface low velocity material. We find the most favorable fit to data on and 
nearby the LVD, including amplification effects of the dam, for models with the shear wave 

0.4 quality factor Qs(f) parameterized as 0.075Vs (f < 1Hz) and 0.075Vs f (f > 1Hz) (Vs in m/s), 
and a dam core with Vs=450 m/s. 
 

Introduction 
 

Dams retaining artificial water reservoirs are common and essential for irrigation and 
hydroelectric energy production in many parts of California. Ground shaking caused by 
earthquakes is usually the main hazard that must be considered in the safety evaluation of 
existing or projected dams (e.g., Wieland, 2014). No major concrete dam has failed as a result of 
ground motion from an earthquake (FEMA, 2005), and many arch dams have withstood 
significant shaking without physical evidence of damage. Embankment dams, usually built from 
compacted soils and rocks, have also responded satisfactorily to earthquake shaking in many 
cases, but have shown to be less resilient than concrete dams. During the 2011 M 9 Tohoku 
(Japan) earthquake, a drop in crest elevation led to overtopping and failure of the 18.5 m high 
Fujinuma earthdam (completed in 1949), and the uncontrolled discharge from the dam resulted 
in 8 fatalities. The 2008 M 8 Wenchuan (China) earthquake damaged more than 1,800 dams and 
reservoirs (e.g., Wieland and Chen, 2009), including the 156 m high Zipingpu concrete face 
rockfill (CFR) dam, where a maximum crest settlement of up to 1 m was recorded (e.g., Zou et 
al., 2013). During the 1971 M 6.6 San Fernando (CA) earthquake both the upper and lower Van 
Norman dams were severely damaged, and the lower dam was close to breaching (e.g., FEMA, 
2005), prompting the evacuation of 80,000 people. Both dams were of the CFR type and 
constructed in the 1920s using the hydraulic fill method, which contributed to their vulnerability. 
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Overtopping of the lower dam, which would have led to a much greater disaster, was 
only averted because the water level at the time of the earthquake had been kept below the 
design elevation following an inspection a few years earlier. These examples underline the 
importance of careful earthquake safety assessment in the construction and maintenance of dams. 

 
This project focuses on the seismic response of the Long Valley Dam (LVD), a 55-meter 

high embankment dam located 35 km northwest of Bishop (CA), just east of the Sierra Nevada 
(see Figure 1, left). The dam consists mostly of an extensive rolled earthfill core (Lai and Seed, 
1985) and was completed in 1941 to create Lake Crowley, which acts as a water reservoir for the 
city of Los Angeles. The dam has an array of accelerometers located on the dam crest, 
downstream wall, abutment and downstream bedrock (see Figure 1, right). While the long-term 
goal is to perform nonlinear analysis of the dam using strong motion recordings on the LVD 
array, our initial efforts presented here focus on the linear response. The array recorded, among 
others, ground motions from the 1986 M6.2 Chalfant Valley earthquake, as well as a 2015 M3.7 
earthquake, providing excellent data to model the response of the LVD. 

 
 

 
Figure 1. (left) Location of the LVD, and (right) sensor array deployed on the LVD. 

 
We constructed a 3D Earth model including topography and the LVD, and validated the 

model against observed ground motions. Our reference model is extracted from the Southern 
California Earthquake Center (SCEC) Community Velocity Model (CVM) version 4.26-M01 
(Small et al., 2017). We define frequency-dependent anelastic attenuation using the relation 
Qs=0.075Vs (f<1 Hz) and Qs=0.075Vs f

0.4 (Vs in m/s), and Qp=2Qs, based on a suite of trial-and- 
error simulations, and in agreement with recent results for the Los Angeles area (Hu et al., 
2021a). We included a shallow geotechnical layer (GTL), constrained by Vs30 values from the 
Wills et al. (2015) map, where the velocities from the surface are tapered to the background 
model at 700 m depth (Hu et al., 2021b), providing the best fit to data. Densities are derived 
using the empirical formulas by Brocher (2005). We model the dam with homogeneous material 
of Vs=450 m/s, Vp=1,000 m/s and ρ=2,110 m/s (see Figure 2). This model of the dam material is 
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somewhat stiffer than that used by Griffith and Prevost (1988), but generates the best fit to the 
data out of a series of models tested. The simulations use the scalable AWP-ODC finite 
difference code (Cui et al., 2013) with support for surface topography using the vacuum 
formulation. 
 

Figure 2. Velocity and density profiles (red lines) below the through and below the LVD, 
after applying the GTL to a depth of 700 m. Black lines depict the values in the CVM 4.26 
before the GTL is applied. 

 
Modeling of the 2015 M3.7 Earthquake 

 
Figure 3 shows the model domain used for the simulations of the 2015 M3.7 earthquake 

(see Table 1 for source parameters), and Figure 4 shows the surface distribution of Vs. 

 
Figure 3. Model domain (black rectangle) for the simulation of the 2015 M3.7 earthquake. 
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Table 1 
 

12.5 km x 6 km x 8.5 km domain 
3564 x 1728 x 2432 grid points 
dh=3.5m 
Q =0.1V f

0.6 

s s 

USGS 1m resolution 
DEM Event 
information 
Time: 2015/8/22 13:34:48 UTC 
Epicenter: Lat: 37.598°N Lon: 
118.788°W Depth: 4.8 km 
Mw 3.71 

 
 
 

Figure 4. Surface Vs in the model domain (black rectangle in Figure 2) for the M 3.7 event, 
modified by the Vs30 map from Wills et al. (2015). The star depicts the epicenter, and the LVD 
is located near (X=10, Y=3 km), where the triangles depict sensor locations. The gray area is 
Lake Crowley. 
 

Figures 5-10 show comparisons of 0.1-7.5 Hz synthetics and data at selected channels on 
and near the dam, in the time and FAS domains. In general, we obtain satisfactory fit between 
data and synthetics in both amplitude and duration. Figure 11 compares PGA for synthetics and 
data in the LVD array. The fit is acceptable, but the synthetics slightly overpredict the recorded 
PGAs on the dam crest for the east component. Figure 12 shows a comparison between 
downstream and center crest sensor records and synthetics. The comparison shows that the 
synthetics reproduce the amplification due to the dam, both in the time and FAS domains. 
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Ground station 54517 - Acceleration 
Long Valley Dam upper left abutment             N-S 

 
CVMSI+Core Vs450+Ely700m 

 
 
 
 

  Z 
 
 
 
 
 
 
 
 

   E-W 
 
 
 
Figure 5. (left) Map showing locations of sensors at the LVD, and (right) comparison of 
data (black traces) and synthetics (red traces) in the time and FAS domains for the 2015 
M3.7 earthquake, for the left abutment station (circled in map on the left). 

 
 
 
 

Ground station 54933 - Acceleration 
Long Valley Dam downstream                        N-S 

 
CVMSI+Core Vs450+Ely700m 

 
 
 
 

Z 
 
 
 
 
 
 
 
 

E-W 
 
 
 
 
Figure 6. Same as Fig. 5, but for LVD 
downstream. 
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Structure array 54214 - Acceleration 
CH4, CH5 (Dam left crest) 

 
CVMSI+Core Vs450+Ely700m 
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CH5 
Vertical 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 7. Same as Fig. 5, but for LVD left crest. 
 
 
 
 

Structure array 54214 - Acceleration 
CH6, CH7, CH8 (dam center crest)  CH6 

Upstream-downstream 

 

 

 
 
 
 
 
 
 
 
 
 
CH7 
Transverse 
 
 
 
 
 
 

 
 
 
CH8 

Vertical 

CVMSI+Core Vs450+Ely700m 

 
 
 
 

Figure 8. Same as Fig. 5, but for LVD center 
crest. 
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Structure array 54214 - Acceleration 
CH9 (Downstream face) 

 
CVMSI+Core Vs450+Ely700m 

 
 
 
 
 

CH9 
Upstream-downstream 

 
Figure 9. Same as Fig. 5, but for LVD downstream face. 

 
 
 
 
 

Structure array 54214 - Acceleration 
CH14, CH15, CH16 (dam right crest)  CH14 

Upstream-downstream 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

CH15 
Vertical 

CH16 
Transverse 

CVMSI+Core Vs450+Ely700m 

 
 
 
 

Figure 10. Same as Fig. 5, but for LVD right 
crest. 
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Figure 11. Comparison of east (E), 
vertical (Z), and north (N) component 
PGA for data (black circles) and 
synthetics (red circles) for the M3.7 event. 
Circle radii are proportional to PGA 
(listed next to the circles, in m/s2, color 
coded). 

Observations Simulation 

Figure 12. Comparison of base (channel 11) to crest (channel 6) amplification of accelerations, for 
(left) observations and (right) synthetics, for the M3.7 earthquake. 
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Modeling of the July 21 1986 Chalfant Valley, CA, Earthquake 
 

The California-Nevada border region near Bishop, CA, was struck by a Mw6.2 earthquake 
on July 21, 1986. 24 hours before the mainshock, on July 20, a M5.9 foreshock occurred, and the 
largest aftershock (M5.8) hit on July 31. The sequence was recorded by several stations within 20 
km of the source by stations deployed by the University of Nevada at Reno, with many more 
temporary stations added after the mainshock hit. Two people were injured, and property damage 
was estimated at $2.7 million (USGS, 1989). 

 
We generated a source description using the kinematic rupture generator by Graves and 

Pitarka (2016), which requires information on hypocentral location, fault dimensions, and focal 
mechanism. To estimate these parameters, Cockerham and Corbett (1987) relocated the 
hypocentral locations of the Chalfant Valley earthquake sequence including the mainshock and 
aftershocks following the larger events. The aftershocks occurred below a depth of 3 km, with the 
hypocenter of the mainshock located at a depth of around 11 km. Seismic observations from local, 
regional and teleseismic data (Cockerham & Corbett, 1987; Pacheco & Nábělek, 1988; Smith & 
Priestley, 2000) suggest a fault plane striking 139o-155o and 55o-60o dipping to southwest with 
predominantly right-lateral slip. The coseismic dislocation model from geodetic data by Savage & 
Gross (1995) also suggests a right-lateral strike-slip faulting mechanism. The length and width of 
the fault plane for a Mw6.2 event estimated using the empirical relationship by Leonard (2010) 
agree reasonably well with the spatial extent of the aftershock distribution. Based on these 
findings, we use a length and width of the fault plane of 12 km and 10 km, respectively, with the 
top of the fault at a depth of 4 km. The focal mechanism is strike/dip/rake=150o/55o/180o. Figure 
13 shows the relative location of the designated fault plane and the LVD. This source description 
leads to updip-bilateral rupture propagation, in agreement with the interpretation of Cockerham 
and Corbett (1987). 

 
The simulation domain was rotated by 14.34o clockwise to save computational memory 

and wall clock time, and has a size of 39 km (L) x 22 km (W) x 15 km (H), as shown in Figure 13, 
left. The model covers up to 4,000 m above sea level to accommodate the highest topography 
within the domain. In order to incorporate the high-resolution geometry of the LVD into the mesh 
we use the 1-meter resolution digital elevation model (DEM) from USGS for the LVD and the 
surrounding area. At locations where the queried grid location is out of the range of the 1-meter 
resolution model, we used the elevations from the 1-arc-second resolution DEM from USGS which 
provides better spatial coverage. The slip distribution and rupture times are shown in Figure 13, 
right. Figure 14 shows the surface Vs in the model domain, after the application of the GTL. 

 
Figures 15-18 shows comparison of acceleration time histories for synthetics and data at 

select stations on and nearby the LVD for the Chalfant Valley earthquake. In general, the synthetics 
provide a reasonable fit to the data in both time and Fourier domains, and the simulations reproduce 
the observed amplification of the dam structure. 
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Figure 13. (left) Location map for the 1986 Chalfant earthquake relative to the LVD. The black 
box depicts the simulation domain for the earthquake. The purple area shows the surface projection 
of our finite fault source realization for the event, and the red star shows the epicentral location. 
The green triangles are station locations. (right) Slip distribution of the rupture model generated 
by the Graves and Pitarka (2016) kinematic rupture generator. 

Figure 14. Surface Vs in the model domain (black rectangle in Figure 13, left) for the Chalfant 
Valley event, modified by the Vs30 map from Wills et al. (2015). The star depicts the epicenter, 
and the triangle depicts the LVD. 

 
alfant Valley Mw 
6.2 
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Structure array 54214 - Acceleration 
CH1, CH2, CH3 (left abutment)  CH1 

Upstream-downstream 

CH2 
Vertical 

CH3 
Transverse 

CVMSI+Vs30(700m) +  

Qs=0.1Vs/EX0.6 + CoreVs305  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
Figure 15. (left) Map showing locations of sensors at the LVD, and (right) comparison of data 
(black traces) and synthetics (red traces) in the time and FAS domains for the 1986 Chalfant 
Valley, CA, earthquake, for the left abutment station (circled in map on the left). 

 
 
 

CVMSI+Vs30(700m) +  

Qs=0.075Vs/EX0.4 + CoreVs450 
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Figure 16. Same as Fig. 15, but for LVD left crest. 
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Structure array 54214 - Acceleration 
CH6, CH7, CH8 (dam center crest)  CH6 

Upstream-downstream 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

CH7 
Transverse 

CH8 
Vertical 

CVMSI+Vs30(700m) + 
Qs=0.075Vs/EX0.4 + CoreVs450 

 
 
 

Figure 17. Same as Fig. 15, but for LVD center crest. 
 
 

CVMSI+Vs30(700m) +  

Qs=0.075Vs/EX0.4 + CoreVs450 

 
Structure array 54214 - Acceleration  
CH9, 10 (Downstream face)  

 

CH9 
Upstream-downstream 

CH10 
Vertical 

Figure 18. Same as Fig. 15 but for LVD downstream face. 
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Figure 19. Comparison of east (E), 
vertical (Z), and north (N) component 
PGA for data (black circles) and 
synthetics (red circles) for the Chalfant 
Valley earthquake. Circle radii are 
proportional to PGA (listed next to the 
circles, in m/s2, color coded). 

 
 
 
 
 
 

Observations Simulation 

  
Figure 20. Comparison of base (channel 11) to crest (channel 6) amplification of accelerations, for 
(left) observations and (right) synthetics, for the Chalfant Valley earthquake. 
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Future Work: Nonlinear Soil Effects 
 

The 1986 Chalfant Valley earthquake generated PGAs up to 0.21g at the LVD, at or 
above the threshold of 0.15-0.2g for the onset of nonlinear soil effects found in several published 
studies (e.g., Ren et al., 2017; Regnier et al., 2011; Huang et al., 2000). Thus, the records from 
the event may be used to validate the nonlinear response of the LVD. For this purpose, we plan 
to use a fully hysteretic Iwan-type, multi-yield surface approach (Iwan, 1967) implemented in 
AWP (Roten et al., 2019), to assess any nonlinear response and calibrate the reference strain. 

 
The Hilton Creek Fault (HCF) is a significant range-bounding normal fault at the eastern 

side of the Sierra Nevada. Because it passes just 8 km west of the LVD, it has been identified as a 
possible source for the Maximum Credible Earthquake (MCE) that could significantly affect the 
stability of the dam (Lai and Seed, 1985). The scenario of a M 6.8 earthquake on the HCF was 
also considered in a recent study on earthquake hazards for the Long Valley Caldera-Mono Lake 
Area (Chen et al., 2014). It was estimated that such an event would result in a PGA of 0.4– 0.5g 
at the site of the LVD (Chen et al., 2014). We plan to perform realistic simulations of rupture, 
wave propagation and dam response during a M 6.8 scenario on the HCF. We will analyze peak 
ground velocities on the dam slopes and crest, as well as permanent deformations throughout the 
dam structure, to assess the performance of the structure during such an event. 
 

Disclaimer 
 

The contents of this report were developed under Contract No. 1020-006 from the 
California Department of Conservation, California Geological Survey, Strong Motion 
Instrumentation Program. However, these contents do not necessarily represent the policy of that 
agency or endorsement by the State Government. 
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