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Bar-built estuaries experience openings and closures
of the inlet that connects the river to the ocean. An
idealized model of Carmel Beach’s estuary was
created in Delft3D to analyze varying levels of river
discharge and wave height. Main findings are:

Numerical Model
Delft3D is used to simulate hydrodynamic
conditions in an idealized setting representing
the general features of a bar-built estuary like
the Carmel River.

Figure 2: Grid of idealized model. The ocean,
barrier beach, inlet, and lagoon are colored with
their corresponding topography and bathymetry
values.
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Previous research has determined that precipitation,
discharge, wave forcing, and tidal exchange all
contribute to beach breaching in Carmel River Beach,
CA, but to what extent is unknown. During heavy
precipitation or river discharge, water levels of the
river and lagoon rise, resulting in unpredictable
flooding that can damage coastal properties.

During ebb tide when the inlet is open, depth-
averaged velocity increases mostly due to river
discharge.

When the inlet is already open, waves have a larger
impact on water levels in the lagoon than river
discharge.

Increase in either river discharge or wave height
increases the overall max ebb discharge through the
inlet.

Objective: to develop an idealized model of the
Carmel River Beach to better understand the effects
of tides, river discharge, and waves in breached bar-
built estuaries.
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Sensitivity Analysis

Simulation ID Base 101 102 103 104 106

River Discharge 
(m3/s) 1 2.5 5 10 20 Hydrograph

Wave Height (m) 0 0 0 0 0 0

Peak period (s) 0 0 0 0 0 0

Simulation ID Base 107 108 109 110 111 112

River discharge 
(m3/s) 1 1 1 1 1 1 1

Wave Height (m) 0 1 2 3 4 5 Time-varying

Peak period (s) 0 10 12 14 16 18 Time-varying
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Figure 1: Google Earth images of Carmel Beach. Top- CA
coast, with the yellow star marking the location of
Carmel Beach. Left- barrier beach is open with a
channel of water running from the mouth of Carmel
River to the ocean. Right- breach is closed and water
level of the lagoon is increased.

BREACH CLOSED

Table 1: Range of simulated river discharge values.

Table 2: Range of simulated significant wave height 
and peak period.

When the inlet is open, river discharge does not
affect water levels in the lagoon.

Maximum discharge through the inlet occurs
during ebb tide due to the combined
contribution of the river discharge and a tidal
prism of about 2.8 m3/s.

Changes in wave height do not significantly
modify the depth-averaged velocities.

A wave height increase of 5 m results in a 0.6 m
increase in water levels.

Only Tides Tides + River

River discharge of 20 m3/s causes depth-averaged
velocities of > 2 m/s in the inlet

Future Work
Including morphological changes and sediment
transport will help determine how these processes
impact beach breaching and closures.

The validity of these results can be tested by
extending the range of the simulated variables and
translating the results to other regions that deal
with beach breaching.
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As discharge increases, depth-averaged velocity
increases.
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Total Discharge Discharge due to waves only

As wave height increases, max inlet discharge
increases during ebb tide.

(1) Increase in depth-averaged velocities due to river
discharge could lead to longer inlet durations. (2)
Higher waves increase water levels in the lagoon,
which affects coastal flooding. (3) Increase in either
wave height or river discharge increases the total
max ebb discharge through the inlet.


