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INTRODUCTION 
Chañaral is a town located at the mouth of the Salado 
River in northern Chile (Lat 26.3 °S). The main economic 
activity in its vicinity is copper mining, such as at 
Potrerillos and El Salvador. The river mouth is typically 
closed due to the coastal sediment transport. In addition, 
a large reclamation area was built from mine tailings and 
a highway was constructed on an elevated levee in the 
reclamation area.  
Furthermore, Chañaral is under tsunami hazard, with the 
last tsunami event taking place in 1922. According to 
historical records, the tsunami reached 10 m (Soloviev & 
Go, 1975). This event occurred prior to the deposition of 
mine tailings, which started in 1930. The official tsunami 
inundation map was made in 2014, and the tsunami 
scenario considered an extreme event based on the 1922 
tsunami plus a high tide (SHOA, 2014). The maximum 
tsunami runup was estimated to be 17 m.  
In March 2015, a heavy rain event took place over the 
Atacama Desert and a catastrophic flood affected 
Chañaral, with a maximum water depth of 4.5 m (Wilcox 
et al., 2016), significantly changing the coast. In fact, the 
elevated highway was destroyed and there was 
substantial coastal erosion. 
The present work assesses the tsunami hazard 
considering the new coastal morphology, given that 
coastal erosion would allow a tsunami to easily surge into 
the river and subsequently the town.       

 
METHODOLOGY 
Bathymetric and topographic information prior to the 2015 
river flood was collected in order to analyze the tsunami 
inundation before the river flood event. In addition, new 
topography and bathymetry data from after the 2015 river 
flood was collected in August 2017, from which the new 
coastal morphology was obtained. 
The tsunami inundation area was assessed by means of 
tsunami numerical simulations. The tsunami scenario is 
the same as that in the tsunami inundation maps from 
SHOA (SHOA, 2014), which consider a 1922-like event 
of magnitude Mw 8.3. This event considered the following 
parameters: rupture length L=380km, rupture width 
W=130km, uniform slip D=8m and strike, dip and rake 
angles of 9°, 20° and 90°, respectively. The reference 
point (south western corner) of the fault was defined at 
the coordinates 27.03°S, 71.65°W with a focal depth of 
10km. The rise time is defined to be 𝑡𝑟𝑖𝑠𝑒 = 60𝑠. 
The tsunami simulations were carried out by means of the 
NEOWAVE model, which solves the non-linear shallow 
water equations with a vertical velocity term to account for 
weakly-dispersive waves and a momentum conservation 
scheme to describe flow discontinuities such as bores 
and hydraulic jumps (Yamazaki et al., 2011; 2009).  Five 
levels of nested grids were used, with resolutions of 120” 
(~3.7km), 30”(~900m), 6”(~180m), 1”(~30m) and 0.333” 

(~10m). Level 1 and 2 grids were built from GEBCO 
bathymetric data, while levels 3 to 5 were derived from 
nautical charts. In addition, Level 5 grids incorporated new 
bathymetry and topography obtained after the 2015 flood 
event provided by the Ports Works Department of Ministry 
of Public Works. The simulation considered the maximum 
tide level as 1 m. 
Figure 1 shows 3 out of 5 simulation grids obtained from 
the combined bathymetry and topography after the 2015 
event. From the figure, it is possible to observe the two 
new coastal lagoons formed after the 2015 event.  

 
Figure 1. Nested grids used for tsunami numerical 
simulations of the 1922-like tsunami in Chañaral. 
 
RESULTS 
Figure 2 shows the generation and propagation of the 
1922-like tsunami. Since  𝑡𝑟𝑖𝑠𝑒 = 60𝑠, t=1 min represents 
the tsunami initial condition. It is possible to observe that 
due to the proximity of the trench to the coast, the first 
tsunami wave arrives within 12 min after the earthquake.  
 

 
Figure 2. Snapshot of surface elevation. 
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Figure 3 shows the tsunami waveform at the tide gauge 
location. The sea level starts from 1m due to the tide 
level. It is possible to observe that the first tsunami wave 
reached up to 8m, with the second wave being the 
largest one. In addition, the third wave reached similar 
amplitude as the previous wave. This effect 
demonstrated the importance of tsunami resonance on 
tsunami wave amplification in Chañaral. Figure 4 shows 
the maximum simulated flow depth (a) and flow velocity 
(b) for the level 5 grid. The thin black lines represent 
contour lines of ground elevation every 5 m. Therefore, 
it is possible to observe that the tsunami surged into the 
river and reached a maximum runup of 15 m. In addition, 
the maximum flow depth is ~12 m at the coastline, and 
flow velocities are as large as 10 m/s.    
    

 
Figure 3. Tsunami waveform at tide gauge (*G at Figure 3). 
 
 

 
Figure 4. a) Maximum tsunami flow depth. b) Maximum 
tsunami flow velocity. Black thick line is the coastline, while 
thin lines are contour lines every 5 m. 
 
Even though the maximum runup in the present analysis 
(15m) is lower than the runup computed by SHOA prior 
to the river flood (17m), these values are of the same 

order of magnitude. Therefore, the coastal erosion and 
morphology changes do not generate significant 
changes on tsunami inundation.  
The aforementioned results, in combination with modal 
analysis, will allow possible future mitigation measures 
for both tsunami and river floods to be formulated. Since 
river flooding needs a direct discharge into the sea, the 
river mouth should be located in a zone with no 
significant tsunami wave amplification in order to avoid 
substantial flooding in case of a future tsunami. This 
analysis will be important when new tsunami mitigation 
measures are proposed, in order to increase the resilience 
of this community to such natural hazards.  

 
CONCLUSIONS 
The tsunami hazard in the study site was assessed by 
taking into account coastal morphology changes after the 
2015 river flood event. The numerical simulations showed 
that maximum runup can reach up to 15 m and significant 
part of the coastal community can be flooded by the 
tsunami. It was also observed that the first tsunami wave 
can arrive within 15 min, and tsunami resonance can play 
an important role in tsunami wave amplification. The 
simulations indicate that three large waves could strike the 
town, with the second one being the largest. Finally, future 
mitigation measures for both tsunami and river flood 
should consider a multi-hazard risk assessment, due to the 
fact that both hazards behave in a completely different 
way. 
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