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Figure 9-52  Maximum current velocity magnitudes in the vicinity of the Jimmy Durante Bridge 
for the 100-year flood event 
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Figure 9-53   Erosion at El Camino Real bridge for the 100-year series simulation 

 

Figure 9-54  Erosion at El Camino Real Bridge for the 10-yr flood event 
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Figure 9-55 Erosion at El Camino Real Bridge for the 25-yr flood event 

 

Figure 9-56  Erosion at El Camino Real Bridge for the 50-yr flood event 
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Figure 9-57  Erosion at El Camino Real Bridge for the 100-yr flood event 
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Figure 9-58   Erosion at the El Camino Real Bridge for 100-year event with a 1.5-foot sea level 
rise 
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Figure 9-59  Erosion at the El Camino Real Bridge for 100-year event with a 5.5-foot sea level 
rise 
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Figure 9-60  Erosion in the vicinity of the utility corridor and Edison weir for the 100-year 
series simulation 

 

 

Figure 9-61   Erosion in the vicinity of the utility corridor and Edison weir for the 10-year flood 
event simulation 
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Figure 9-62  Erosion in the vicinity of the utility corridor and Edison weir for the 25-year flood 
event simulation 

 

 

Figure 9-63  Erosion in the vicinity of the utility corridor and Edison weir for the 50-year flood 
event simulation 
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Figure 9-64  Erosion in the vicinity of the utility corridor and Edison weir for the 100-year flood 
event simulation 
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Figure 9-65  Erosion in the vicinity of the utility corridor and Edison weir for the 100-year flood 
event with 1.5-foot sea level rise simulation 

 



ERDC/LAB TR-0X-X 284 

 

 

Figure 9-66  Erosion in the vicinity of the utility corridor and Edison weir for the 100-year flood 
event with 5.5-foot sea level rise simulation 
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Figure 9-67  Erosion in the vicinity of the Interstate 5 Bridge for the 100-year series 
simulation 

 

 

Figure 9-68  Erosion in the vicinity of the Interstate 5 Bridge for the 10-year flood event 
simulation 
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Figure 9-69  Erosion in the vicinity of the Interstate 5 Bridge for the 25-year flood event 
simulation 

 

Figure 9-70  Erosion in the vicinity of the Interstate 5 Bridge for the 50-year flood event 
simulation 
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Figure 9-71  Erosion in the vicinity of the Interstate 5 Bridge for the 100-year flood event 
simulation 
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Figure 9-72  Erosion in the vicinity of the Interstate 5 Bridge for the 100-year flood event with 
a 1.5-foot sea level rise simulation 
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Figure 9-73  Erosion in the vicinity of the Interstate 5 Bridge for the 100-year flood event with 
a 5.5-foot sea level rise simulation 
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Figure 9-74  Erosion in the vicinity of Jimmy Durante Bridge for the 100-year series simulation 

 

 

Figure 9-75  Erosion in the vicinity of Jimmy Durante Bridge for the 10-year flood event 
simulation 
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Figure 9-76  Erosion in the vicinity of Jimmy Durante Bridge for the 25-year flood event 
simulation 

 

 

Figure 9-77  Erosion in the vicinity of Jimmy Durante Bridge for the 50-year flood event 
simulation 
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Figure 9-78  Erosion in the vicinity of Jimmy Durante Bridge for the 100-year flood event 
simulation 
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Figure 9-79  Erosion in the vicinity of Jimmy Durante Bridge for the 100-year flood event with 
a 1.5-foot sea level rise simulation 
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Figure 9-80  Erosion in the vicinity of Jimmy Durante Bridge for the 100-year flood event with 
a 5.5-foot sea level rise simulation 
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Figure 9-81  Erosion in the vicinity of the river mouth for the 100-year series simulation 

 

 

Figure 9-82  Erosion in the vicinity of the river mouth for the 10-year flood event simulation 
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Figure 9-83  Erosion in the vicinity of the river mouth for the 25-year flood event simulation 

 

 

Figure 9-84  Erosion in the vicinity of the river mouth for the 50-year flood event simulation 
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Figure 9-85  Erosion in the vicinity of the river mouth for the 100-year flood event simulation 
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Figure 9-86  Erosion in the vicinity of the river mouth for the 100-year flood event with a 1.5-
foot SLR simulation 
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Figure 9-87  Erosion in the vicinity of the river mouth for the 100-year flood event with a 5.5-
foot SLR simulation 

 



ERDC/LAB TR-0X-X 300 

 

 

Figure 9-88  Peak current velocities in the inlet for 100-year flood event for Alternative A 
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Figure 9-89  Deposition volumes in SCE W4 wetland for Alternative A with and without 
armoring of the utility corridor 
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10 Sensitivity Simulations 

During the course of execution of this model study there were several is-
sues that either developed as the result of questions raised by technical re-
viewers or from a desire to better understand the processes of the system 
and the numerical model performance. 

Mesh resolution 

Early simulations with the sediment transport model showed that the orig-
inal model mesh resolution that served the tidal verification very well was 
not refined sufficiently for the sediment transport computations.  The sed-
iment model resolves concentration fields of sediment concentration that 
can locally result in sharp gradients in space.   In response to those issues 
the numerical model mesh was refined by doubling the resolution in both 
directions, yielding a mesh that has four times the number of computa-
tional nodes.  The original and refined mesh resolution are shown in Fig-
ure 10-1. 

The effects of the mesh resolution on the sediment transport delivery to 
the Jimmy Durante Bridge is compared in Figure 10-2 for model simula-
tions that had comparable conditions simulated.  The dashed line is the 
line of equality between the two mesh resolutions.  Points to the lower side 
of the line indicate that the original mesh and more sediment delivery than 
the refined mesh.  Points above the line had more sediment delivery with 
the refined mesh. The figure shows that overall the increased resolution 
had less sediment delivery than the original resolution.  All subsequent 
model sediment transport simulations were made using the refined mesh 
resolution. 

Secondary Current effects  

The AdH numerical model has the treatment for secondary current effects 
developed by Bernard and Schneider (1992) within the STREMR model of 
the Corps of Engineers and ported to the Corps of Engineers TABS-MD 
model by Finnie, et al. (1999). The approach treats the streamwise vorti-
city that is generated by the vertical velocity profile negotiating a bending 
river.  Higher momentum surface water moves outward to the outside of 
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the river bend, piling up water to create a higher water surface on the out-
side of the bend than on the inside.  Slower moving bottom waters feel the 
resulting pressure gradient and move toward the inside of the river bend.  
These effects create an effective streamwise vorticity.  The numerical tech-
nique developed solves the transport equation for vorticity with a produc-
tion term that is a function of the local velocity gradients, defining a radius 
of curvature.  With a dissipation term the vorticity transport equation can 
be solved.  The gradients in the local vorticity create stress terms within 
the two horizontal-depth-averaged momentum equations.  Finnie, et al. 
(1999) provided a very well calibrated laboratory data set illustrating the 
technique.    

The San Dieguito Lagoon AdH model was simulated without the use of the 
streamwise vorticity to show the impact the technique has on the model 
results.   The 100-year flood event peak current velocity magnitudes with 
and without the use of the vorticity correction are presented in Figure 
10-3.  The solution without use of the vorticity correction exhibits a higher 
current magnitude along the main river channel.  The channel just down-
stream from the El Camino Bridge shows the without vorticity solution to 
have the peak velocity location across the river channel turn northward to 
follow the channel.  The vorticity correction solution velocity varies more 
as surface currents would be expected to behave.  Similar features are seen 
just downstream of the Edison Dike and in the river bend upstream of 
Jimmy Durante Bridge. 

Figure 10-4 presents a comparison of the AdH model current velocity vec-
tors from the 100-year flood event using the vorticity correction and the 
bottom bedload vectors.  The bedload vectors are driven more into the in-
side of the river bend as expected, with the highest velocity core shifted to-
ward the outside of the bend.   

Figure 10-5 provides the example application of AdH to the ERDC large 
scale Riprap Test Facility.  The layout of the test facility is shown at the top 
of the figure.  The test case simulated had a discharge of 150 cfs. The cur-
rent velocity patterns for AdH simulated as a depth-averaged surface wa-
ter problem without the streamwise vorticity correction is shown in the 
middle panel.  The simulation using the vorticity correction technique is 
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shown in the lower panel.  The velocity patterns without the vorticity cor-
rection are relatively uniform throughout the model with the peak velocity 
in the center of the channel.  The velocity patterns for with the vorticity 
correction show a shifting of the peak velocity to the outside of the bend in 
the channel.  It also shows two cross-overs in the lower end of the flume 
when the channel meanders with alternating river bends. 

Pre-Edison model 

The numerical model was simulated for the conditions before the con-
struction of the SCE W4 wetland restoration as the condition for the model 
verification to the 1993 flood event, which was estimated to be about a 12-
year event.  Several interested participants in the study wondered about 
the system response to a larger flood event for those more open uncon-
strained topographic conditions (see Figure 4-1).  As a sensitivity test the 
pre-Edison model verification mesh was simulated for the 100-year flood 
event and the 100-year series simulation.  

The AdH model mesh bathymetry and material specification for the pre-
Edison conditions is shown in Figure 10-6.  The bed displacement contours 
for the 1993 verification event are presented in Figure 10-7, Figure 10-8 and 
Figure 10-9.   Figure 10-7 presents the bed change over the entire system 
from El Camino Real to the ocean.  Figure 10-8 focuses on the study area 
between El Camino Real and Interstate 5.  The bed changes were localized 
to the main river channel and adjacent flood plain.  Figure 10-9 presents 
the bed change in the vicinity of the utility corridor using a narrower con-
tour range (-1 m to +1 m). 

The bed displacement results of the pre-Edison model simulation of the 
100-year flood event are presented in Figure 10-10.  The model exhibits 
channel meandering of the main river channel and some deltaic develop-
ment features.  The bed displacement results for the 100-year series simu-
lation for the pre-Edison bathymetry are presented in Figure 10-11.  These 
results also show meandering of the channel and deltaic lobe and distribu-
tary channel incisement and braiding channel effects. 
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Removal of Edison Dike 

During the study reported herein the question was raised by CESPL staff 
about the possible performance of a wetland design that had no structural 
elements and had a more natural open landscape.   To provide an indica-
tion of the performance of such an alternative two alternatives were modi-
fied to show the potential for such an approach.  The first was to take the 
existing conditions and essentially remove the Edison Dike, leaving an 
erodible berm with a top elevation of +3m (9.84 ft) NGVD29.  That exist-
ing with no Edison Dike (NED) was tested without armoring of the utility 
corridor.  The results of this existing NED simulation for the 100-year 
flood event are presented in Figure 10-12.  The figure presents contours of 
the bathymetry at the beginning and the end of the simulation.   The main 
river channel migrated to flow through the Edison wetland.  It did leave 
some dendritic drainage channels. 

The other alternative tested was Option 2 (phase 2 screening) also with the 
Edison Dike replaced by the +3-m berm.  This option was modeled with 
and without the utility corridor armored.   The simulation with armoring 
of the utility corridor also migrated the main river channel through the 
Edison wetland (Figure 10-13).  The brackish marsh was closed off and ex-
perienced significant deposition.  There was also some limited deposition 
in the extreme eastern end of the W19 salt marsh. 

The Option 2 NED with no armoring of the utility corridor results for the 
100-year event simulation are presented in Figure 10-14.   For this case the 
river is rerouted through the salt marsh.  The original river pathway is 
maintained as a secondary channel.  The brackish marsh is closed off and 
silted in and there is limited deposition in the extreme eastern end of the 
Edison wetland. 

These simulations show that if structural features are removed from the 
system that the dynamics of channel migration would be retained.  How-
ever, the full flood plain would then be subject to potential deposition.  
The long-term conditions would then tend toward the pre-Edison configu-
ration. 
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Erosion at the utility corridor 

The AdH model results consistent show the potential for erosion of the 
thalweg of the river channel throughout the system.  The erosion that oc-
curs at the end of the utility corridor becomes a concern because there are 
three pipelines passing underneath the existing channel invert.  The ero-
sion patterns in the vicinity of the utility corridor for several different op-
tions with or without armoring of the utility corridor crossing of the river 
are presented in Figure 10-15.  These simulations include the pre-Edison 
condition with no armoring of the utility corridor, the existing with and 
without armoring of the utility corridor, and Alternative A with and with-
out armoring of the utility corridor.  For the pre-Edison and the existing 
conditions there is a tendency for the without armoring of the utility corri-
dor to produce sedimentation patterns that are more dynamic and more 
deltaic in nature.  For Alternative A the armoring of the utility corridor 
had limited impact, largely due to the armoring of the salt marsh weir 
which effectively gave some protection from major channel migration to 
the south. 

The differences between these various alternatives and armoring condi-
tions were computed and some are presented in Figure 10-16.  These show 
that the differences between the armored and unarmored conditions are 
comparable to the differences between the alternatives. 

The consistency of the AdH erosion was compared to the erosion at the utility 
corridor seen from the Fluvial-12 model efforts.  The verification simulations, the 
single event simulations and the 100-year series simulations were inspected to de-
fine the peak erosion predicted in the vicinity of the utility corridor river crossing.  
These results are presented in Table 10-1 and Figure 10-17.  The Fluvial-12 
model predicted for the 100-year flood event a change from 1 m deposition for 
pre-Edison to 1 m of erosion post-Edison (existing).  The AdH model changed 
from 1 m erosion to 3 m erosion from pre- to post- Edison with the 100-year flood 
event.  The AdH model showed a general trend of more erosion with increasing 
return period.  However, the 25-year events showed more erosion than the 50-year 
events.  That effect is believed to be associated with the expansion of the flood 
event out over the flood plain more broadly for the 50-year event than the 25-year 
flood which is more confined in the main river channel. The fact that the two 
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models are predicting the same order of magnitude of erosion and trends 
is somewhat consistent. 

The best estimate of erosion potential available to us is, in fact, the AdH 
model simulations bed displacement field over the domain of the model.  
The alignment of the three utility pipelines across the river was provided 
by Dokken Engineering (personal communication; see Figure 10-18).  The 
numerical model results for the existing conditions and the Alternative A 
without armoring of the utility corridor were extracted and compared di-
rectly with a survey performed to locate the pipelines and document their 
elevations as they cross the project area.   

The 10-inch pipeline, which is the one farthest to the east, is profiled ver-
sus the initial and final bed elevations for the 10-, 25-, 50- and 100-year 
flood events in Figure 10-19 through Figure 10-22.  These show that both 
the existing and the project conditions (alternative A) show erosion 
reaches the top of the pipe for all flood events.  

The 16-inch pipeline comparisons are presented in Figure 10-23 through 
Figure 10-26.  For these comparisons the pipeline profile under the river 
thalweg was assumed to be at -12 ft.  Based on that assumption, none of 
the simulated flood events eroded to the level of the pipe for either the ex-
isting or the project. 

Figure 10-27 through Figure 10-30 present the 30-inch pipeline profiles 
for the 10-, 25-, 50- and 100-year flood events, respectively.  These indi-
cate that all   of the flood events showed erosion below the top elevation of 
the 30-inch pipeline. 

These comparisons suggest that for the project that some level of protec-
tion must be evaluated for the pipelines if they are to remain passing be-
neath the river.  The possibility of moving the pipelines from underneath 
the river is an option.  Those decisions are final engineering design consid-
erations. 

Model simulations for the 100-year flood event showed that the erosion 
potential along the elevated surface of the utility corridor is comparable 
for with project (alternative A) and the existing conditions, with localized 
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erosion potential of approximately 2 feet for both.  Figure 10-31 presents a 
comparison of the profile of bed displacement along the eastern side of the 
utility corridor.  The distances are across the domain of the model and are 
arbitrary, but consistent between existing and with project.  The locations 
of the localized erosion were different but of comparable magnitude.  Fig-
ure 10-32 presents a comparison of the bed displacement along a profile 
along the western side of the utility corridor.  On the eastern side of the 
utility corridor the with-project simulation shows no erosion along the 
utility corridor until the thalweg of the river.  The existing simulation had 
a localized erosion of approximately 0.7 m (2 ft) at the 300-meter dis-
tance.  On the western side of the corridor both the existing and the pro-
ject showed two localized spots of erosion of the same magnitude but at 
different locations. 
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Table 10-1  Peak scour at the utility corridor (m) 

Model 
Geometric 
Condition 

River Flood Event Simulated (RP/peak cfs) 

10 12* 25 50 100 100S 

6600 6650 16,000 31,400 41,800 41,800 

AdH 

Pre-Edison n -0.4 n n -2.0 -4.0 

Existing -2.4 n -2.9 -2.2 -3.2 -4.0 

Option 1A -2.5 n -3.0 -2.3 -3.3 -4.0 

Fluvial 
12 

Pre-Edison n n n n +1.0 n 

Post-Edison n n n n -1.0 n 

* 1993 verification event 
n - Event was not simulated 
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Figure 10-1  The original (top) and refined (bottom) AdH model mesh resolution 
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Figure 10-2  Effects of the mesh resolution on sediment delivery to Jimmy Durante Bridge 
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Figure 10-3  Current velocity distribution for existing conditions for 100-year flood event with 
AdH model run with and without use of the vorticity correction. 
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Figure 10-4  Illustration of the effects of stream-wise vorticity correction on surface current 
patterns and bottom bed-load transport vectors. 
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Figure 10-5  ERDC Riprap test facility application of AdH; No vorticity correction in middle, 
with vorticity correction on bottom 
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Figure 10-6  Numerical model representation of the pre-Edison condition 
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Figure 10-7  AdH model bed displacement during the 1993 verification simulation 

 

Figure 10-8  AdH model bed displacement during the 1993 verification simulation in the 
vicinity of the wetland project 
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Figure 10-9  AdH bed displacement in the vicinity of the utility corridor for the 1993 
verification event.  Note the scale change for the contour interval. 

 

Figure 10-10  AdH bed displacement for the 100-year flood event simulation for the pre-
Edison bathymetric condition.  The utility corridor was not armored. 
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Figure 10-11  AdH bed displacement for the 100-year flood series simulation for the pre-
Edison bathymetric condition.  The utility corridor was not armored. 

 

 

Figure 10-12  Effects of 100-year event on Existing condition with the Edison Dike removed 
down to +3m and unarmored with the utility corridor unarmored 
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Figure 10-13  Effects of 100-year event on Option 2 with the Edison Dike removed down to 
+3m and unarmored with the utility corridor armored 

 

Figure 10-14  Effects of 100-year event on Option 2 with the Edison Dike removed down to 
+3m and unarmored with the utility corridor unarmored 
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Figure 10-15  Effects of armoring the utility corridor on geomorphology of the 100-year flood event    
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Figure 10-16  Differences in bed displacement between Alternative A and existing and with and without utility corridor armoring 
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Figure 10-17  Peak erosion in the vicinity of the utility corridor channel crossing  
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Figure 10-18  Schematic layout of pipelines across the utility corridor 

 

 

Figure 10-19  Profile of the existing and Alternative A 10-year flood event erosion along the 
10-inch pipeline alignment  
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Figure 10-20  Profile of the existing and Alternative A 25-year flood event erosion along the 
10-inch pipeline alignment  

 

Figure 10-21  Profile of the existing and Alternative A 50-year flood event erosion along the 
10-inch pipeline alignment 
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Figure 10-22  Profile of the existing and Alternative A 100-year flood event erosion along the 
10-inch pipeline alignment 

 

 

Figure 10-23  Profile of the existing and Alternative A 10-year flood event erosion along the 
16-inch pipeline alignment 
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Figure 10-24  Profile of the existing and Alternative A 25-year flood event erosion along the 
16-inch pipeline alignment 

 

Figure 10-25  Profile of the existing and Alternative A 50-year flood event erosion along the 
16-inch pipeline alignment 
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Figure 10-26  Profile of the existing and Alternative A 100-year flood event erosion along the 
16-inch pipeline alignment 

 

 

Figure 10-27  Profile of the existing and Alternative A 10-year flood event erosion along the 
30-inch pipeline alignment 
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Figure 10-28  Profile of the existing and Alternative A 25-year flood event erosion along the 
30-inch pipeline alignment 

 

 

Figure 10-29  Profile of the existing and Alternative A 50-year flood event erosion along the 
30-inch pipeline alignment 
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Figure 10-30   Profile of the existing and Alternative A 100-year flood event erosion along the 
30-inch pipeline alignment 

 

Figure 10-31  Erosion potential during 100-year flood event for unarmored utility corridor – 
east side  
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Figure 10-32  Erosion potential during 100-year flood event for unarmored utility corridor – 
west side 
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11 Discussion 

The following topics are discussed based on questions raised during 
weekly coordination teleconferences among members of the technical 
team and periodic technical QA/QC review.  The technical team was com-
prised of: 

Gordon Lutes, DOKKEN Engineering 
Mark Tarrall, DOKKEN Engineering 
Weixia Jin, Moffatt and Nichol Engineering 
Dr. Joseph V. Letter, Jr., ERDC 
Dr. Howard Chang, Chang Consultants (as a periodic technical reviewer) 

Sediment uniformity 

The sediment size distribution used in the current study was derived from 
Chang (2004).  The sediment grain size distribution data were presented 
in Figure 4-5, along with the discretized model distribution.  The distribu-
tion for the model is an initial condition for sediments in the bed.  As the 
model simulation proceeds the surficial bed layer is revised to take into ac-
count sediment entrainment and deposition.  The suspended load and bed 
load are computed for the model independently and the transport 
throughout the model domain is by sediment size class.  Algorithms are 
used in the bed layering to account for winnowing of fines and armoring.  
The model sediment supply to the downstream was broken down by size 
class so that quality of the sediment for beach material can be taken into 
account.  

The sediment size distribution represented in the model was applied as a 
uniform distribution over the entire model.  This was done primarily due 
to a lack of sufficient data to provide confidence in any alternative specifi-
cation.  Sediment cores from the area of the proposed W-19 wetland 
(GEOCON, 2011) reported surficial sediments (top 10 feet) as sandy silt to 
silty sand.  Additional cores located closer to the river channel (GEOCON, 
2014) reported surficial sediments as silty sand and poorly graded sand. 
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Effects of vegetation 

The effects of vegetation are of significance in two regards for this study.  
First as a modifier of the erodibility of the sediment surface, particularly 
on the flood plain.  The specification for the current application was to as-
sume no vegetative stabilization.  This assumption is appropriate for the 
river channel itself and the intertidal flanks of the river.  These regions are 
the areas of the model that experienced the greatest erosion.  The upper 
flood plain of the model did not generally experience erosion because the 
current velocities are low there.  For the conditions when flows eroded a 
new pathway due to advantageous hydraulic gradients, such as seen in Al-
ternative B it is probably appropriate to assume that vegetation would not 
serve as a deterrent for that degree of erosion and significant channel in-
cising. 

The second concern with vegetation is related to the effects of sea level 
rise.  The morphological response to sea level rise is influenced very 
strongly by the ability of vegetation to trap sediment and for vegetation to 
adjust to the changing shoreline.  These processes are very slow and are 
not modeled in our application of AdH.  The organic contribution to the 
cumulative deposits in wetlands can be significant.  Limitations of the 
model simulations with sea level rise are discussed below. 

Secondary flow effects 

The AdH model as simulated for this project included a secondary flow 
correction developed for depth-averaged flows (Finnie, et al, 1999).  This 
technique solves for the stream-wise vorticity generated by a vertically dis-
tributed velocity profile that encounters a bend in the river.  The resulting 
helical flow effects can be addressed by applying lateral stress terms de-
rived as a function of the horizontal gradients in the local stream-wise vor-
ticity.  The approximated stress results in the appropriate shifting of the  

Secondary flow effects were discussed in detail in Chapter 10.  The effects 
of the vorticity correction are strongly dependent on the magnitude of the 
flood event and whether the flows are confined to the main river channel 
or overflow into a more complex combination of overbank flow combined 
with the river channel flow.  The AdH model applies the influence of these 
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processes at every node point within the model domain rather than on a 
macroscale cross-sectional correction. 

Littoral effects 

The sensitivity of the coastal processes to river supplied sediment has been 
a key performance criterion for wetland restoration projects in the San Di-
eguito Lagoon. 

Webb, et al (1991) concluded that stability of southern California inlets 
was poorest during high wave events coincident with neap tidal condi-
tions.   The smaller tide range would have less energy to remove the littoral 
sediments that would then tend to close the inlet. 

Elwany, et al (1998) documented the importance of river flows in keeping 
the tidal inlet open.  Elwany, et al (2003) further documented that 
whether the tidal inlet is open or not has no significant impact on the local 
beach erosion. 

Jenkins, et al (2004) reported that the El Nino flood of 1980, estimated to 
be a 45-year event scoured the channel through the entrance channel to -
10ft NGVD (-3m) and delivered 235,000 tons of beach grade sediment.  
The existing conditions simulations showed the sediment delivery of fine 
and medium sand combined to be 165,000 tons for the 25-year event and 
347,000 tons for the 50-year event.  Although this comparison is for pre-
Edison conditions to post-Edison it is worth comparing, since Jenkins et al 
(2004) concluded that the Edison project would not impact the sediment 
delivery. 

Haas and Driscol (2005) reported less than 5 percent of the littoral sedi-
ments in the vicinity of the San Dieguito River are associated with river-
borne sediments.  The majority of littoral beach sands were reported to be 
derived from the southern cliffs. 

Young and Ashford (2006) reported that 67 percent of littoral sediments 
in the Oceanside Littoral Cell were derived from the beach cliffs in the cell, 
gullies provided 17 percent and rivers 16 percent. 

These observations serve to quantify the potential impact of the project.  
Alternative A has been predicted to reduce the river sediment supply by 7 
percent.  With the river supply accounting for on the order of 10 percent of 
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the littoral sediments, this would lead to an impact of less than one per-
cent on the littoral zone sediments. 

The two-dimensional model of the river goes from the ocean to upstream 
of El Camino Real.  For purposes of determining the impact of the pro-
posed project on the river sediment delivered to the littoral zone, we chose 
to look at the volume of sediment delivered at Jimmy Durante Blvd for 
several reasons: 

 The volume of riverine sediment going to the ocean is only substan-
tial during large flood events during which the tidal influence is mi-
nor. 

 The modeling was used to evaluate changes in the volume of river 
sediment caused by the proposed project and alternatives.  Compar-
ing the volume of riverine sediment reaching Jim Durante Blvd un-
der existing condition with the volume with the proposed project 
and each alternative provided a good measure of how much the pro-
posed project and each alternative impact river sediment. 

 The use of Jimmy Durante Bridge as a downstream limit of the 
analysis is consistent with the analysis performed for the SCE pro-
ject. 

Effects of tidal phase 

The coincidence of the peak of a river flood with the phase of the tide can 
have a significant impact on the impact of the flood event, particularly for 
flooding.  This is especially true with a spring tide range of greater than 7 
ft.   The 100-year series test allows for the random occurrence of each 
flood peak with the tidal phase.  The times between flood peaks for the 
100-year series ranged from 20 hours to 33 hours with an average differ-
ence of 26.1 hours.  This introduce some variability that was held the same 
for all alternative testing. 

All model simulations were tested with the same tidal phase in the ocean.  
The 10-year event had a flood peak at hour 10 of the simulation, which was 
when the tide in the ocean was near mean tide level.  The individual events 
greater than 10-year all had the flood peak occurring at 25 hours into the 
simulation, which was near a high water. 
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The simulation that takes the tidal phase somewhat into account is the 
100-year series.  That simulation is obviously the best for evaluation of 
sediment delivery.  For flood control issues then the individual flood 
events are appropriate. 

A more rigorous analysis could have been developed that included several 
variations in the timing and sequencing of the events within the 100-year 
series.  However, the funding and schedule constraints on this project pre-
cluded such an effort.  The approach taken for this study is considered ap-
propriate for the relative comparison of alternatives. 

Sea level rise simulation limitations 

The simulations that were performed with sea level rise were simulated 
with a clear acknowledgement that simply raising the mean water level is 
not an attempt to approximate a future condition, which as discussed 
above will be influenced by long-term sedimentation and wetland pro-
cesses.  The two cases of raised sea level serve as a type of bounding sensi-
tivity test to illustrate the changes in the deposition potential with a rising 
mean water level.  The value of these test results is in their interpretation 
and inter-comparison between alternatives to serve as general discussion 
of sea level rise.  The impacts of sea level rise on wetland functionality and 
habitat loss are addressed by Moffatt and Nichol (2018). 

The reduction in the water surface elevation profile for the proposed alter-
ative over the existing may offer a very slight mitigation for the effects of 
sea level rise. For current sea level the proposed alternative averages water 
levels for the 100-year flood 1.7 inches lower than for the existing condi-
tions.  For a 1.5-foot sea level rise and a 100-year flood the alternative is 
2.5 inches lower than existing on average.  For a 5.5-foot sea level rise and 
a 100-year flood the alternative is 0.1 inch higher on average west of Inter-
state 5 and 0.9 inches lower upstream of Interstate 5 than for existing con-
ditions.  Note that these predictions assume a static bed bathymetry frozen 
at the current conditions.  Actual effects of sea level rise will include im-
pacts for geomorphological changes over the period.  Therefore the 1.5-
foot sea level rise is more likely representative of the long-term effect. 

Impact of Railroad Bridge 

The numerical modeling performed that is described herein ignored the 
presence of bridge piles and structures in the cross sections.  The railroad 
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bridge poses a significant obstruction to the flow in the lower river 
reaches.  The model was calibrated to match the backwater profile up-
stream to the Interstate 5 Bridge by adjusting the overall bed friction.  Be-
cause none of the alternatives tested here had any changes west of the In-
terstate Bridge, the approach is considered to be appropriate for this 
project. 

Incremental Scour 

The scour events and locations that were predicted with the W-19 wetland 
were universally also present for the existing conditions simulations. The 
differences are only very subtle.  For example, the scour conditions at the 
Jimmy Durante Bridge for the 100-year flood were present in all 2D model 
simulations; pre-Edison, existing (post-Edison) and all W-19 alternatives.   

There were some areas where the proposed project increased the scour for 
some events and some areas where the project reduced the scour.  Sedi-
ment scour is a threshold problem.  If the bed were armored for existing 
conditions in the locations of predicted scour there may not have been 
scour for the proposed project at those locations.  Evaluation of incremen-
tal impacts should take this into account. 

Erosion near structures is a complicated process that is dependent on the 
local shear stresses, the slope of the river bottom or bathymetry and the 
mobility threshold of the sediment within the bed.  If the bed is armored, 
the mobility threshold is shifted to a velocity threshold significantly higher 
than expected to occur at the location.  Without armoring, a local area 
where the erosion threshold is exceeded can become eroded and result in a 
dramatic increase in the slope of the bed (e.g. undercutting processes) that 
create a domino-effect on erosion.  If the critical area for erosion were ar-
mored for existing conditions, it is possible that no erosion would occur for 
the proposed W-19 project because the "first domino" wouldn't fall. 

None of the alternatives considered pose any additional erosion threat in 
the lower portion of the system west of the Interstate 5 Bridge that isn’t 
present in the existing conditions.  Erosion in the downstream portion of 
the system, west of Jimmy Durante Bridge has been discussed as a poten-
tial problem because of the increased tidal flows associated with the added 
wetlands.  The typical peak velocities for tidal flows in this area are on the 
order of 1 meter per second (3 fps) or less.  During river flood events the 
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current velocities in the same area are on the order of 3 to 4 meters per 
second (9 to 13 fps).    Tidal currents will not be the primary variable in the 
design of bank protection.   

The system downstream of JDB was dominated by channel erosion for all 
alternatives and the existing conditions.   No detailed analysis was per-
formed there due to the lack of coastal processes, to avoid any misleading 
conclusions. 

Tidal inlet and channel maintenance 

The simulations of river flood events showed a tendency to scour out the 
entrance channel and the inlet.  These effects were evident for both the ex-
isting conditions and all of the project alternatives.  For these simulations, 
however, coastal supply of sediment was not addressed. 

The quantitative evaluation of sedimentation processes west of Jimmy Du-
rante Bridge is beyond the scope of this model study.  As discussed previ-
ously, those issues are generally a dry season process that would require 
inclusion of a numerical wave model to incorporate the littoral processes 
within the sediment transport model.   

The proposed project includes the enlargement of the sedimentation basin 
inside the inlet between the Highway 101 Bridge and the railroad bridge 
(Area 2) to capture a greater percentage of the sediment as mitigation for 
the reduction in the sediment supply past Jimmy Durante Bridge.  Deposi-
tion within the basin is expected to occur during dry season conditions, 
driven by littoral-tidal interactions.  The basin is periodically dredged and 
the sediment placed in the littoral zone.  Concern has been raised over the 
impact of the enlargement on tidal currents.   

ERDC performed a separate study of the impact of deepening the channel 
in Area 2 on current velocities at the railroad bridge (see Appendix B). 
That analysis showed that the impact of the deepening Area 2 on peak 
spring tidal velocities at the railroad bridge was insignificant (2% increase 
on flood, 3% increase on ebb).  As a part of that study a wave model was 
developed that showed that no significant wave energy propagates east of 
Camino del Mar bridge.  The analysis in Appendix B showed that the ero-
sion potential in the area west of Jimmy Durante Bridge and backwater ef-
fects upstream are more a function of the inlet channel orientation at the 
mouth than the extent of the sedimentation basin itself. 



ERDC/LAB TR-0X-X 339 

 

Sediment entrainment into the inlet during normal tidal conditions (dry 
season) and migration eastward past Jimmy Durante Bridge is a very com-
plex process that requires a sediment transport model application that in-
cludes short-period wave analysis coupled with the hydrodynamic/sedi-
mentation model.  The analysis of whether the coastal sediments expected 
to deposit within the expanded sediment trap at the inlet are appropriate 
for beach placement would require a more detailed sediment transport 
model for the dry season.  As discusses in Chapter 2, the overall study ap-
proach was designed to defer those analyses.  The technical capability ex-
ists within the ERDC AdH model or other coastal sediment transport mod-
els to perform such analysis.  The AdH model coupled with the STWAVE 
model was recently applied to New York Harbor (McAlpin, et. al, 2017). 
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12 Conclusions 

The two-dimensional AdH numerical model developed for this project is 
appropriate to the complexity of the geomorphological response of the sys-
tem to the proposed alternatives and the dynamics of the river hydrology. 

The following conclusions have been considered based on the results de-
scribed herein: 

1. The general performance of Alternative A to erosion and deposition 
over the range of conditions tested is closest to the performance of 
the existing conditions. 

2. The sediment supply for Alternative A is reduced by 7.6 percent 
compared to existing, which could be argued to be insignificant. 

3. The 25 percent reduction in sediment supply for Alternative B is 
considered significant. 

4. The 10 percent reduction in supply for Alternative C is on the edge 
of significance. 

5. The magnitude of the maintenance volumes is essentially the same 
for Alternatives A and C 

6. The maintenance volumes for Alternative B are meaningless be-
cause the upper wetland was buried by sediment. 

7. All alternatives meet the flood level criteria. 

8. Without armoring erosion at the utility corridor is an issue for all 
alternatives, including the existing. 

9. Potential erosion at several bridge abutments needs to be evaluated 
for flanking erosion, for existing conditions as well as for alterna-
tives 
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10. None of the alternatives considered pose any additional erosion 
threat in the lower portion of the system west of the Interstate 5 
Bridge that isn't present in the existing conditions. 

11. The best Alternative based on the criteria of sediment supply is Al-
ternative A 

12. The best alternative with regard to flood control is any of the pro-
posed, since none of them violate the performance criteria.   

13. The best alternative based on the geomorphological stability of the 
wetland would be Alternative A. 

The existing conditions over the reach of the river where the proposed wet-
lands are to be built had already reached a point in the evolution of the ge-
omorphology of the system that the off-channel flood plain was filled to an 
elevation controlled by the flood levels themselves.  Adding alternatives 
that lower the flood plain elevation puts the system back into a morpho-
logical state when the river is seeking the most hydraulically efficient path-
way to the ocean.  At extreme flood levels the most efficient pathway may 
be splitting off a portion of the flow and diverting it through the wetland.  
This process is the natural optimization that occurs within all riverine del-
taic systems   
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Appendix A: Description of the Adaptive 
Hydraulics Model (AdH) 

Adaptive Hydraulics (AdH) is a state-of-the-art modeling system devel-
oped by the U.S. Army Corps of Engineers Research and Development 
Center Coastal and Hydraulics Laboratory.  It is capable of simulating both 
saturated and unsaturated groundwater flow, overland flow, three-dimen-
sional Navier-Stokes flow, and two- or three-dimensional shallow water 
problems. The current study utilizes the two-dimensional (2D) shallow 
water module.  The 2D shallow-water equations used for this application 
are a result of the vertical integration of the equations of mass and mo-
mentum conservation for incompressible flow under the hydrostatic pres-
sure assumption.   

Hydrodynamics 

Written in conservative form, the 2D shallow water equations are: 
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where: 

 =  fluid density 
g  = gravitational acceleration 
zb  =  bottom elevation 
n  =  Manning's roughness coefficient 
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h  =  flow depth 
u  =  x-component of velocity 
v  =  y-component of velocity  
Co  =  dimensional conversion coefficient (1 for SI units, 1.486 for U.S. 

customary units) 
Sx =  external stresses in x-direction (wind, secondary correction) 
Sy =  external stresses in y-direction (wind, secondary correction) 
ij   =  the Reynolds stresses due to turbulence, where the first subscript 

(i) indicates the direction, and the second (j) indicates the face on 
which the stress acts.   

 
The Reynolds stresses are determined using the Boussinesq approach to the gradi-
ent in the mean currents. 
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where νt = kinematic eddy viscosity (which varies spatially). 

The AdH shallow-water equations are placed in conservative form so that 
mass balance and the balance of momentum and pressure are identical 
across an interface.  This is important in order to match the speed and 
height of a surge or hydraulic jump. 
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The equations are represented in a finite element approach.  The quality of 
the numerical solution depends on the choice of the basis/trial function 
and the test function.  The trial function determines how the variables are 
represented and the test function determines the manner in which the dif-
ferential equation is enforced.  In the Galerkin approach the test functions 
are chosen to be identical with the trial functions.  When the flow is advec-
tion-dominated, the Galerkin approach produces oscillatory behavior.  The 
Galerkin form of the test function cannot detect the presence of a node-to-
node oscillation and so allows this spurious solution.  The approach used 
in AdH is to enrich the standard Galerkin test function with an additional 
term that can detect and control this spurious solution. 

The enriched Galerkin method used here, the Petrov-Galerkin method, is 
based on elemental constants for coefficients to stabilize these spurious os-
cillations.  This reduces the stabilization to the nonconservative form.  
This is not a problem for mass or momentum conservation since the stabi-
lization is only applied within the elements and uses the Galerkin test 
function to enforce “flux” balance across element edges.  

 For illustration of this technique, consider the shallow-water equations in 
nonconservative form 
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The trial functions (or interpolation/basis functions) are the Lagrange pol-
ynomials.  These are piecewise linear functions that are continuous across 
element boundaries.  Spatial derivatives, however, are not continuous 
across these element edges.  Each of the dependent and independent vari-
ables is interpolated via these trial functions.  For example, 



ERDC/LAB TR-0X-X 348 

 

 j

N

j
j uxxu 




1

~

)()( 
                   (10) 

means that the approximate solution is made up of the product of the trial 
function for node j, j, and the nodal value at that location, uj.  The test 
function is chosen as: 
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 l = (Ωe)1/2, the square of the element area 
 v = ( u ,v), the element average velocity components 
 t  = time step size 
 
The finite element statement becomes: 
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Where, the subscript l  indicates the finite element approximation.  The 
Petrov-Galerkin contributions are integrated on the interior of the ele-
ments, but not across element edges.  This contribution stabilizes the Ga-
lerkin approach.    This scheme utilizes a single scaling factor .  This is 
different from the scheme reported in Berger and Stockstill (1995).  That 
scheme involved scaling each eigenvalue, but that method does not con-
verge using the iterative solver in AdH.  Instead, a single value scaling 
(Equation 12) is used. 

One of the major features of AdH is its ability to automatically adapt the 
mesh in areas where additional resolution is needed to properly resolve 
the hydrodynamics and then unresolve the area when the resolution is no 
longer needed.  This feature thus addresses the computational burden is-
sue while allowing adequate resolution for a good simulation.  This adap-
tation process is done by normalizing the results so that an error quantity 
is determined for each element.  If this error exceeds the tolerance set by 
the user, then the element is refined.    AdH contains other essential fea-
tures such as wetting and drying, completely coupled sediment transport, 
conservative transport, such as salinity, and wind effects.  A series of mod-
ularized libraries make it possible for AdH to include vessel movement, 
friction descriptions, varying turbulence closures and water quality and 
ecological modeling, among other features.  AdH can run in parallel or on 
a single processor and runs on both Windows systems and UNIX based 
systems.   

Sediment Transport  

The sediment transport formulation in AdH 2D shallow water equations is 
divided into  
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where   C = depth-averaged suspended sediment concentration 
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 Dx = horizontal turbulent diffusivity in x-direction 
 Dy = horizontal turbulent diffusivity in y-direction 
 Ess = erosion flux of suspended sediment 
 Dss = deposition potential for suspended sediment 

 FC = correction factor for horizontal sediment flux 
 RCP = ratio of bottom to depth-averaged concentrations 

 VCX = x-velocity correction for bed gradients 

 VCY = y-velocity correction for bed gradients 
 
The advective terms in Equation 
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are modified by correction factors based on two considerations:  depth-av-
eraged integration adjustments and non-equilibrium concentration profile 
adjustments. 

Non-equilibrium Concentration Profile 

The first correction factor, FC   FC

uC

uC
   (15), is the ratio between 

the depth-averaged suspended sediment flux and the product of the depth-
averaged velocity and the depth-averaged concentration  

 FC

uC

uC
   (15) 

Because the numerical model solves separately for u  and C  the flux cor-
rection factor is needed (see Figure A--1).  The evaluation of equation

 FC

uC

uC
   (15) requires an estimation of the vertical profiles of 

the concentration and velocity.  The suspended concentration at the bot-
tom of the water column, Ca, is determined by the bedload calculations.  
The deposition flux is the product of the deposition potential, Dss, the 
depth averaged concentration and a correction factor, RCP  (see Equation 
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16).  That correction factor is the ratio of the bottom sediment concentra-
tion and the depth-averaged suspended concentration.  The correction fac-
tor acknowledges that the sediment flux into the bed is a function of the lo-
cal bottom concentration rather than the averaged. 

 a
CP

C
R

C
  (16) 

The vertical distribution of the suspended sediment concentration is as-
sumed to be an exponential decay of the bottom sediment concentration 
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The coefficient of exponential decay was derived by Brown (2008) to be as 

shown in  
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where: 

ss  =  vertical turbulent mixing correction factor 

    =  von Kármán constant 
u*    =  friction velocity 

s   =  settling velocity 
Fa  =  dimensionless near-bed vertical nonequilibrium sediment flux 
 
The vertical sediment diffusion coefficient can be defined as a function of 
the vertical momentum diffusion coefficient taken from the standard mix-
ing-length theory for the logarithmic velocity profile 
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where: 

vs   =   vertical sediment diffusion coefficient  

v   =   vertical momentum diffusion coefficient 
 

The correction factor, ss , reduces the vertical turbulent mixing for larger 
sediments that respond more slowly to the turbulent fluctuations.  For 
clays and fine silts 1s s  .  For sands,   
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The near-bed vertical nonequilibrium sediment flux, fva, is the difference 
between the erosion flux and the deposition flux at the bed.   This flux is 
nondimensionalized by dividing by s Ca 
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Knowing Fa from Equation 21, the exponential decay coefficient, K, can 

be calculated via  Equation ( 
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 (18) and the vertical 

distribution of the suspended sediment  
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Now the flux correction factor  FC

uC

uC
   (15) can be computed by 

depth averaging the variables 
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Assuming a logarithmic velocity profile  
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Where: 
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ks  =  roughness height 

Brown (2008) solved the integrals in  
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obtain   
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includes the infinite polynomial in Equation 
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Stream-wise Vorticity Correction 

The stream-wise vorticity correction for secondary currents in river bends 
is accomplished by the application of a conservation equation for the vorti-
city  
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The vorticity, s, is transported as a scalar variable with advection and dis-
sipation.  The vorticity in generated via a production term, P, and dissi-
pated by turbulence, D .  The production term has been derived (Bernard 
and Schneider, 1990) to be 
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where: 

 As  =  production coefficient 
Cf  =   Chezy coefficient 
r  =   radius of curvature of the flow 

u


  =  current velocity vector 
 
The dissipation term was derived to be  

 s f s

u
D D C

h  


              (28) 

Bernard and Schneider (1990) calibrated values of As = 5.0 and Ds = 0.5. 
Finnie et al. (1999) confirmed these values by derivation. 

The radius of curvature is treated as a property of the flow field rather than 
the geometry of the shoreline.  The radius was derived as a function of the 
velocity gradients to be  
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Once the vorticity filed has been solved the streamwise stress can be com-
puted as 

 s fh u C  


             (30) 

The effects of the streamwise vorticity are represented in the momentum 
equation as a stress vector, similar to a wind stress, which is a function of 
the spatial gradients of the vorticity 
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Figure A--1 Nondimensional vertical profiles of velocity, sediment concentration and sediment 
flux 
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Appendix B: Analysis of Railroad Bridge 
Erosion Potential 

The Los Angeles District Regulatory Division requested assistance under 
the DOTS program for technical review and assistance relating to several 
Corps Regulatory actions.  The specific request stated: 

“The Los Angeles District Regulatory Division requests tech-
nical assistance under the DOTS program for technical review 
and assistance relating to several Corps Regulatory actions. 
These actions involve a request to initiate dredging of the San 
Dieguito River ocean inlet under an existing Corps permit for 
Southern California Edison (SCE), which may affect an up-
stream nearby railroad bridge with another permittee, North 
County Transit District (NCTD). The proposed SCE dredging 
was due to start on October 14, 2014 but has been postponed by 
SCE until November 10, 2014 to allow for more analysis of the 
NCTD concerns regarding the NCDT 243 railroad bridge. 
NCTD is planning further repairs of the railroad bridge 243 to 
address existing scour impacts. To date the Corps has not re-
ceived a permit application to better protect the bridge, but has 
received NCTD's alternatives analysis and bathymetry data as 
well as other info of the proposed work including a rock riprap 
blanket at the base of bridge 243.3. NCTD and their consultants 
met with the Corps and expressed concern that the downstream 
SCE dredging in the inlet near the railroad bridge may exacer-
bate scour issues affecting the viability and structural integrity 
of the railroad bridge. The NCTD Bridge 243 is a vital railroad 
link to the San Diego area. Protection of the link is a vital pub-
lic interest and public safety concern. The Corps has issued 
three general permits to NCTD over the last 2-3 years to permit 
needed work near the south bank of Bridge 243 and some of the 
pile work has occurred but not all of the rock work is complete. 
The San Dieguito lagoon was recently restored as a part of the 
San Onofre Nuclear Generating Station (SONGS) lagoon wet-
lands restoration project. Tidal flows into the lagoon are di-
rectly related to the ongoing success of the entire SONGS la-
goon wetland restoration efforts. Also, additional upstream 
wetlands restoration projects are planned for the eastern la-
goon areas. The San Dieguito River inlet dredging needs to oc-
cur to ensure that the SONGS restoration project remains a 
success. In addition to the conflict between SCE and NCTD, 
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sand from the upstream beaches of Solana Beach were nour-
ished from an offsite borrow area which may have affected the 
San Dieguito river inlet coastal sediment and tidal flows. Our 
DOTS request concerns immediate technical assistance to an-
swer: 1) is there a dredging design that can maintain the resto-
ration area and have minimal to neutral impact on the bridge; 
2) review of NCTD alternatives for remediation of scour to 
Bridge 243 and effects to tidal flows in the lagoon; 3) review of 
SCE dredging alternatives and NCTD railroad bridge repair al-
ternatives; 4) evaluation of downstream and upstream existing 
sediment and flow models; and 5) other suggestions. Thank you 
for your consideration. If you have any technical questions 
about this request, please contact Ms. Therese Bradford, Chief 
of our South Coast Branch at: Therese.O.Brad-
ford@usace.army.mil or at (760-602-4850)” 

Background 

Figure B-1 shows the condition of the entrance channel based on surveys 
between 29 July and 19 August 2014 (Coastal Environments, 2014).  The 
dredging area W will not require significant sediment removal because the 
depths there are near desired depth (-3ft NGVD29).   The primary dredg-
ing Area E is comprised of littoral sediments (Coastal Environments, 
2014), with plans to place excavated material back onto the beaches. 

The channel alignment in the mouth of the inlet has evolved to a very sinu-
ous channel.  The sediment in the shoals is derived from littoral sediments 
and the dredging plan is to return the dredged sediment to the beaches.   
The inlet closes frequently due to the littoral supply of sediment.  The City 
of Del Mar has been required to artificially open the inlet periodically to 
keep adequate tidal exchange within the lagoon (see Table B-1). 

The numerical modeling in support of the SANDAG wetland restoration 
W-19, the subject of this report, was utilized for the analysis documented 
in this appendix.  An ADH sediment transport model has been developed 
to evaluate the relative sustainability of several alternative wetland designs 
to various flood events of the San Dieguito River.   Figure B-2 shows the ex-
tent of the ADH model developed for the SANDAG W-19 wetland restora-
tion project.  The model includes a portion of the Pacific Ocean, the lagoon 
areas and the San Dieguito River and flood plain upstream to approxi-
mately the Morgan Run resort.  Figure B-3 presents the numerical mesh 
resolution in the vicinity of the inlet and the railroad bridge.  The bottom 
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elevations are represented as linear variation along each triangular cell 
side. 

The sediment transport model results for the cross section shown in Figure 
B-4 from the ERDC model are summarized in Figure B-5. The ADH bed 
erosion for simulations of the 10-, 25-, 50- and 100-year flood events are 
presented in Figure B-5.  In addition, a series of flood events sequenced to-
gether to represent a 100-year period was also simulated (100-yr S).  All of 
these simulations exhibit erosion on the southern side of the cross section.  
The model predicted erosion of approximately -3m (-10 ft) for a 10-year 
flood and down to -5 m (-16 ft) for the 100-year event 

These results are very similar to those of Chang (2004).  Chang (2004) ap-
plied the one-dimensional numerical model FLUVIAL 12, which includes 
an analytical adjustment for helical flows in river bends, and predicted 
erosion along the south shore of the railroad bridge.  He predicted erosion 
down to -15 ft for a 100-year flood event. This extent and location of ero-
sion (see Figure B-6) is consistent with the ADH model results. 

Observed cross sections west of the railroad bridge (HDR, 2014) are 
shown in Figure B-7 for conditions over time, west of the railroad bridge 
and in Figure B-8 for just east of the railroad bridge.  The evolution of the 
cross section is a deepening, but more uniformly than predicted in the 
models.  This may be associated with dredging in the field.  

The data from Figure B-7 and Figure B-8 were replotted over time to show 
the comparison of the cross sections east and west of the railroad bridge 
over time.  These are summarized in Figure B-9, which shows that there is 
a trend toward progressive deepening on the eastern side of the bridge, 
particularly on the southern shore.  The depths on western side of the 
bridge are generally shallower than on the eastern side.   

Coastal Environments (2006) summarized the variability in the inlet cross 
sections from the 1990s (Figure B-10).  These cross sections illustrate sev-
eral persistent features.   The variability in the mouth of the inlet (TR2) is 
very dramatic, with the thalweg of the entrance channel shifting over 300 
feet during the several years and showing the inlet completely closed in 
December 1992.  The transect just west of the railroad bridge (TR7) shows 
significant variation in the average depth.  Elwany et al. (1994) reported 
the dynamics of the lagoon openings and closings from 1992 to 1994.  The 
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transect near Jimmy Durante bridge (TR11) demonstrates a tendency for 
the river channel thalweg to stay close to the northern bank. 

Figure B-11 presents the channel bathymetry surveyed in 2006.  This ba-
thymetry was used as the basis for the ERDC ADH “existing” conditions, 
which represents the post construction condition for the SCE W4 wetland 
construction at full channel capacity. 

In order to evaluate the apparent variability in the channel alignment 
through the study area, aerial photography available for inspection within 
Google Earth Professional were delineated for the apparent channel align-
ment.  The variability in the channel alignment between 1995 and 2014 is 
presented in Figure B-12.  This illustrates that the variability is greatest 
closest to the ocean with the channel orientation varying about 90 degrees.  
The large meandering of the entrance channel just east of the HW 101 
Bridge is believed to be associated with littoral sediment encroaching east-
ward into the river channel.  

The channel alignment at the railroad bridge seems to be consistently 
braided, with both a southern deep alignment near the southern bank that 
seems to result from incoming flood tides moving eastward.  The outgoing 
ebb tides appear to favor the northern pathway as inferred from the ba-
thymetry.   This tendency is seen in many estuaries in the northern hemi-
sphere and has been partially attributed to the Coriolis forces associated 
with the rotation of the earth.   Near slack waters when other forces are 
small the effects of the earth’s rotation can become significant and flows 
tend to shift to the right in the northern hemisphere.  To check the signifi-
cance of that effect the numerical model was simulated with and without 
the Coriolis forces and the model results showed a very minor effect.  
However, the numerical model has been applied as a depth-averaged shal-
low water simulation.  In the real world the magnitude of the Coriolis force 
is proportional to the velocity magnitude, and the effects on the flow field 
are amplified by vertical velocity differences over the flow depth.    How-
ever, another contributing factor to the braided channel may be simply the 
geometric steering that influences the flows to hug the opposite river 
banks on incoming and outgoing tides. 

In the interest of addressing the differences before and after the SCE W4 
wetland restoration construction the channel thalweg variability is pre-
sented for the before and after construction (Figure B-13), which occurred 
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in 2008-2009.  The variability is not significantly different before and af-
ter construction.  The split channel effect at the river bridge is apparent on 
both periods.  The only area that shows an observable difference would be 
between the railroad bridge and the Jimmy Durante Bridge, which shows 
less variability after the wetland construction.  The channel thalweg stays 
closer to the southern shore along the eastern portion of that reach, but 
switches over to the north bank and exhibits the braided feature as the 
river passes the railroad bridge. 

While inspecting the aerial photography of the inlet an image from 1-11-
2003 showed apparent aeration at the water surface just west of the 
railroad bridge (Figure B-14) created by flow from the drainage ditch 
culvert.  The surface plume trails off eastward suggesting an incoming tide.   
The engineering design drawings suggest that the drainage culvert there 
has an invert of near mean tide level (MTL) and that a significant 
discharge from the culvert would create such a pattern just after low water 
on the onset of incoming tide.  Whether such a flow could have an impact 
on scour at the bridge piling remains uncertain.  However, it is suspected 
that as the local scour depths become deeper any impact of such a feature 
would diminish. 

Approach    

The proposed dredging plan was reviewed and the bathymetric data from 
the most recent surveys was incorporated into the ERDC ADH model west 
of the Jimmy Durante Bridge.  Subsequently the model was revised to in-
corporate the dredging design.  The revised versions of the model were 
then available for simulations to provide information to address the ques-
tions above.   

Because of the coastal storm influence of the sediments on the bathymetry 
of the entrance channel the significance of wave energy was brought into 
question.  The wave energy in the offshore area near the San Dieguito 
River mouth can be significant.  Figure B-15presents the wave height pe-
riod and direction for 2013 at the closest offshore buoy (Point Loma South, 
CA).  The peak wave height for the year was approximately 4.5 m.  In order 
to evaluate that potential a wave model was developed for the entrance 
channel using STWAVE (Massey, et al, 2014) to estimate the wave energy 
that may reach the railroad bridge. 
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In order to directly evaluate the importance of wave energy on the railroad 
bridge an STWAVE model was developed of the study area to bring deep 
water waves onshore and into the river entrance.  The coarse resolution 
(10m grid) is overlaid on the ADH model limits in Figure B-16, showing the 
wave height estimations from STWAVE coarse grid analysis using a 10-m 
grid, a significant wave height offshore of 5 m, 10 second period, a TMA 
spectrum with gamma of 3.3 for a mean tide level as the mean water level 
for the wave model. 

Figure B-17 shows the wave height results for a fine inset mesh (5 m resolu-
tion grid).  Figure B-18 presents the fine grid wave model results along 
railroad bridge, with wave height in meters. This is for an ocean wave of 10 
second period , 5 m wave height an mean water level at mean higher high 
water (MHHW).  The was consiered to be conservtive.  The peak wave 
height for this case along the bridge was less than 0.05 m (0.16 ft).   

Figure B-19 presents the sensitivity of the wave model results to wave 
direction and period.  The peak wave height increased by only 10 percent 
over the results shown in Figure B-18. 

The approach taken to address question 1 above (within the limitations of 
this effort) was to develop simulations of the numerical model to evaluate 
the tidal range within the SCE W-4 wetland for the various bathymetric 
conditions.  The “existing” bathymetric condition for the SANDAG model 
represents the design condition for the SCE W4 wetland project.  The ap-
proach for question 1 is to evaluate the past, current and proposed condi-
tions for their performance and potential impact. 

The approach for questions 2 through 4 is to review the proposed remedial 
measures and check the assumptions regarding the energy for erosion rel-
ative to the performed ERDC modeling. 

Description of testing 

The local bathymetry in the “Existing” SANDAG model representing the 
design conditions for the SCE W4 wetland restoration project is presented 
in Figure B-20. 

The pre-dredge bathymetry taken from Figure B-1 was incorporated into 
the ADH model to create a “pre-dredge” model (See Figure B-21).   
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The dredging polygons for the proposed dredging is shown in Figure B-22, 
overlain on the “pre-dredge” model.   The post-dredge condition model is 
shown in Figure B-23. 

The three bathymetric conditions (“existing”, “pre-dredge”, and “post-
dredge”) were each simulated for a tidal only simulation without any river 
discharge for the San Dieguito River.  The purpose of these simulations 
was to evaluate tidal currents at the railroad bridge and to check the tidal 
performance in the SCE wetland W4.  The ocean tidal signal was 
developed from the NOAA tidal data at La Jolla, CA.  The tidal residual, 
defined as the difference between the predicted astronomical tide and the 
verified observed tide, was filtered to remove frequencies less than 3 
hours.  The filtered residual was then addded back to the predicted tide to 
construct a clean boundary condition signal for the ADH model.  These 
tidal data are presented in Figure B-24. 

The tidal simulations did not include sediment transport, but simply 
addressed the tidal energy propagation potential for each bathynetric 
condition, addressing the “performance” of for a “fixed-bed” bathymetric 
condition. 

Results 

The tidal response for the existing conditions bathymetry is presented in 
Figure B-25, showing the model  results offshore, at the railroad bridge, 
river bend just east of Jimmy Duirante Bridge and the W4 wetland.  These 
results show that the river mouth truncates the lower low waters 
significantly due to controlling depths in the bar channel.  The response at 
the river bend is very similar to the signal at the railroad bridge.  The tidal 
signal in the W4 wetland is controlled by the wetland feeder channel itself.   
All high waters are almost fully propagated. 

Figure B-26 presents the tidal response for the “pre-dredge” condition.  The 
qualitative response is the same as for the exsting simulation.  The “post-
dredge” condition results are presented in Figure B-27, showing the same 
qualitative tidal response. 

The tidal responses for each bathymetric condition are compared at the 
railroad bridge in Figure B-28 and for the wetland W4 in Figure B-29.  At 
the railroad bridge the tidal responses are very similar, with the primary 
differences at low waters.  The high wtaers are essentially the same.  The 
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existing low waters are aproximately 0.1 m lower in the existng than the 
pre-dredge condition.  The post-dredge low waters are closer to the 
existing, but still higher.   

The tidal responses in the wetland are actually much closer than seen at 
the railroad bridge.  This is the result of the differences seen at low waters 
at the railerad bridge being equallized by the effects of the controlling 
depths in the feeder channel into the W4 wetland, which has a threshold 
elevation of -0.24 m.  The elevation of the channel at the analysis station is 
0.15 m. 

The performance of the existing tidal model is illustrated in Figure B-30, 
showing the extend of tidal inundation during four phases of the tide 
during the peak spring tide range.  Also preseneted in the figure are the 
velocity magnitudes as color contours.  The largest velocities occur over 
the bar channel at strength of flood (incoming) and ebb (outgoing) tides. 

The performance of the various bathymetries relative to tidal range are 
summarized in Table B-2.  The location for judging the wetland 
performance is the one in the SCE W4 wetland and the tide range was 
defined as the peak spring high water during the tidal simulation less the 
minimum water level.  These tide ranges are not to be assumed valid 
outside of the comparison presented here because of the truncation of low 
waters at the analysis location selected.  The “existing” SANDAG 
simulation was assumed to be full performance since the bathymetric 
condition is the post construction condition for the SCE W4 wetland 
project.  The current pre-dredge and post dredge conditions perform to 
provide 94.4 percent and 97.2 percent, respectively, of the tide range 
simulated for the existing SANDAG condition. 

A comparison of the channel cross section at the railroad bridge for the 
bathymetries simulated is presented in Figure B-31. The W-19 SANDAG 
model had a more uniform channel compared to the current pre-dredge 
condition.  The post-dredge condition is the same as the current at the RR 
Bridge because the dredging was limited to downstream.  The pre-dredge 
condition exhibits the “braided” characteristic with separate channel on 
the south and north sides of the river. 

The tidal variation in current velocity at the railroad cross section for the 
ADH tidal simulation of the existing condition is presented in Figure B-32.  
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Positive velocities are incoming tides, moving eastward, negative outgoing 
tides moving westward.  Peak flood currents are stronger than ebb, 0.9 
mps (3 fps) versus 0.6 mps (2 fps).  

For each computational node across the railroad cross section the peak 
flood and ebb currents were defined.  These are plotted versus the distance 
across the section in Figure B-33 for each simulation.  The primary differ-
ences are between the existing and both of the pre- and post-dredge re-
sults.  This large difference is the result of the significantly different geom-
etry of the cross sections. Also plotted are the differences between the peak 
flood and ebb currents, defined as the difference of the post-dredge minus 
the pre-dredge velocity.  The differences are small compared to the peak 
velocities. 

Figure B-34 presents the same data with the average velocities plotted 
rather than the differences in the peak velocities.  The average velocities 
were defined for the results after model spin-up for an integral number of 
M2 tidal cycles (12.42 hrs). 

The model results show the trend for the peak flood current to be closer to 
the south bank and the peak ebb closer to the north bank.  Although not as 
dramatic as exected from the bathymetry, the tendency is demonstrated.  
The trend is much more clearly shown in the average velocities for the pre-
dredge and post-dredge conditions.  These results suggest that the 
braiding of the channels is geometrically controlled . 

 

Discussion 

The aproach to the southern bank of the railroad bridge from the west side 
is shown in Figure B-35.  The box culvert from the drainage ditch is visible 
on the right side of the picture.  Another contributing factor to the erosion 
around the piling is that the pile groupings are not aligned with the flow 
direction of the river, which would allow the leeward piles to be sheltered 
from the currents.  The pile grouping are approximately at 45 degrees to 
the flow, which exposes all pile to esentially direct unattenuated flow.  The 
situation is the same for both flood and ebb tides.  The view in the figure 
provides a representation of the blockage to a direct flow path presented 
by the bridge 
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In addition, the overall orientation of the railroad bridge to the river 
thalweg is approximately 45 degrees.  On flood flows, the obstruction to 
flow presented by the bridge piling combined with the alignment of the 
bridge creates a funneling effect that steers the flow toward the south 
shore.  On ebb currents the same effects guide the flows toward the north 
shore.  These effects combine to create the two channel cross section 
tendency.  This is depicted schenmatically in Figure B-36.   

The inertia of the peak currents will push surface water against the bank 
and raise the water level slightly, creating a larger head difference across 
the bridge in the “neck of the funnel.” This higher flow against the south 
bank may be contributing to the erosion there.  

The peak current velocity magnitudes for the 100-year river flood event in 
the lower end of the river are presented in Figure B-37 for the existing con-
dition bathymetry.   This simulation showed a peak current velocity of ap-
proximately 15 fps near the south shore of the river at the railroad cross-
ing.   This was for the existing condition bathymetry. However, differences 
in the initial bathymetry would be offset by the morphological changes to 
the bed during the 100-year event. 

Figure B-38 shows the design equation used for the rock riprap, which uses 
a maximum velocity in an active channel.  This velocity is then multiplied 
by a shape factor for the round nose of the pier.  The velocity for 
comparison with the ADH model results will be the Vmax which was taken 
to be 11.99 fps.  This velocity is compared to the observed peak velocities 
from the ADH simulations for a range of return periods of river floods in 
Figure B-39. A 12 fps current would be estimated as a 40-year flood event 
based on the ADH modeling. 

The various bathymetries were then simulated for a 10-year river flood 
event with sediment transport and bed changes simulated.  The resulting 
bed displacements (deposition and erosion) in the entrance are presented 
in Figure B-40 through Figure B-42 for the pre-dredge, post-dredge and 
SANDAG existing conditions, respectively.   

The bed changes associated with the existing condition are dramatically 
greater than either the pre- or post-dredging conditions.  This is assumed 
to be related to the existing bathymetry having a clean conveyance channel 
to the ocean aligned with the orientation of the river channel through the 
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mouth of the inlet.  Figure B-43 presents the bed changes over the full do-
main of the model.  It can be seen that the farther upstream the closer the 
comparison between the results for each bed condition. 

Figure B-44 presents the water surface elevation profile up the river at the 
peak of the 10-year flood event for the pre- and post-dredge conditions.  It 
can be seen that significant changes are localized to just west of the rail-
road bridge where the dredging occurred.  Figure B-45 includes the existing 
bathymetry simulation in the comparison, showing that the water surface 
was on the order of a meter lower just west of the railroad bridge due to 
the more efficient channel and bed erosion along the channel on both sides 
of the railroad bridge.  It appears that the configuration of the current 
channel through the inlet is a significant obstruction that results in much 
higher back-water profiles in the lower river channel for both the pre- and 
post-dredge conditions.   

As dredging of the lower channel progresses to create a more direct and ef-
ficient pathway to the ocean increases the potential for significant erosion 
at the railroad bridge for major floods.  However, the limited dredging be-
ing proposed now does not reach the threshold for significant impact. 

Generic Bridge Crossing Model 

In order to evaluate the effects of the bridge and pile orientation on the 
currents (as illustrated in Figure B-36) a schematized model was developed 
with a constant bottom bed elevation of -1.5 m and a tidal basin with no 
river inflows (see Figure B-46).  The same tide as used in the full model was 
applied at the western end of the tidal channel.  Figure B-47 shows the de-
tails of the generic bridge model, with the individual piles resolved.  There 
were three separate material properties defined for ease of coefficient 
specification. 

Figure B-48 presents the model results for the peak incoming flood tide 
during the model simulation for the model, showing the impact of the 
skewed pile bents. The flows are guided toward the southern abutment of 
the railroad bridge and then deflected to the northeast as the flows move 
past the bridge.  The piles behave like current deflection dikes and push 
the flow back against the north shore east of the railroad bridge. 

Figure B-49 presents the current velocity patterns for the peak outgoing 
ebb tide.  The patterns are essentially an inverted version of the patterns 
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from incoming tide but with a slightly lower velocity overall.  These lower 
velocities on ebb are associated with asymmetry in the tidal signal.  

The current velocities were averaged over an integer number of M2 tidal 
periods (12.42 hours) to obtain residual currents for the skewed pile bents 
geometry (see Figure B-50).  The residual circulation shows that the flows 
are in fact funneled toward the banks on both sides of the river with an 
overall counterclockwise circulation.  Figure B-51 shows the details of the 
residual circulation at the south shore abutment.    

Figure B-52 shows an aerial photograph taken during flood currents taken 
when there was significant aeration from the drainage culvert just west of 
the south shore.  The aerated water serves as a tracer of the flow pathway 
during the incoming tide.  It shows that the circulation at the southern 
abutment of the bridge is perpendicular to the alignment of the bridge, or 
parallel to the pile bents.   This confirms the model circulation shown in 
Figure B-48. 

Figure B-53 presents another aerial photograph taken near low water that 
shows the dual deep channels passing through the railroad bridge, one on 
the south shore and another on the north, with both channels aligned par-
allel to the pile bents.  This also is consistent with the circulation patterns 
shown in the model in Figure B-48 through Figure B-51. 

In order to evaluate the effects of the skewed pile bent orientation a re-
vised generic bridge model was created that has the pile bents aligned with 
the overall river channel (Figure B-54).  Because of the longer width of the 
pile bents for this alignment additional piles were added to the bents. 

The peak velocities for the aligned pile bents for flood and ebb currents are 
shown in Figure B-55 and Figure B-56, respectively.  The currents still show 
some guiding against the south shore on flood tide and the north shore on 
ebb tide, but magnitudes of the velocities are reduced compared to the 
skewed bent model. 

The residual currents for the aligned pile bents are presented in Figure 
B-57.  The counterclockwise circulation is still evident but of a reduced 
magnitude compared to the skewed bent case.  Details of the residual cir-
culation at the north shore are shown in Figure B-58 and on the south 
shore in Figure B-59. 
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The remaining flow concentrations against the opposite shores on flood 
and ebb tides for the aligned pile bents raised the question of the effects of 
Coriolis effects, which were included in all of the generic simulations 
above.  Consequently, the aligned pile bent model was run without the 
Coriolis terms.  Those results for peak flood and ebb are shown in Figure 
B-60.  The results were essentially the same as with Coriolis.  The results of 
the skewed bent model without Coriolis are shown in Figure B-61, also vir-
tually identical to the with Coriolis simulation. This suggests that the flow 
concentrations against the banks are associated with the overall orienta-
tion of the bridge relative to the river alignment. 

The results for peak flood currents are compared for the skewed versus 
aligned pile bents in Figure B-62.  Figure B-63 presents the comparison dur-
ing peak ebb currents for the pile bent orientations.  The residual currents 
are compared in Figure B-64.  The details of the residual circulation at the 
south shore are compared in Figure B-65.  All of these comparisons show 
that aligning the pile bents with the flows reduces the magnitudes of the 
current velocities on the shorelines at the bridge abutments. 

Figure B-66 presents the current velocity magnitudes at the south shore of 
the bridge for the skewed and aligned pile bents.  The contour scale was 
changed to accentuate the degree of flows attacking the individual piles.  
This comparison illustrates how the skewed pile bents make each pile ex-
posed to direct attack, while the aligned pile bents have all but the west-
ernmost pile sheltered. 

In order to address the importance of the time-varying tidal discharge on 
the skewed currents at the bridge a truncated mesh was developed (Figure 
B-67) that was used to simulate a constant steady discharge through the 
bridge that matches approximately the peak flood discharge.  This simula-
tion was made to see if with sufficient time whether the distribution of 
flow through the bridge would shift away from the south shore.  The re-
sults of that simulation (Figure B-68) show that the impingement of the 
flood flows toward the south shore is still evident in the steady-state case. 

Finally, in order to fully affirm the impact of the skewed bridge alignment 
on the tidal circulation a third generic bridge model was simulated that 
shifted the orientation of the bridge crossing perpendicular to the river 
(Figure B-69).   The peak velocity distributions for flood and ebb flows are 
shown in Figure B-70, showing essentially symmetrical distribution across 
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the river on both flood and ebb.  The differences in the magnitudes of flood 
and ebb are associated with the shape of the tidal signal used.   The details 
of the currents along the south shore are shown in Figure B-71 and Figure 
B-72 for flood and ebb, respectively.  The tidally averaged residual currents 
are shown in Figure B-73.  The residual currents for the perpendicular 
bridge crossing are much smaller overall compared to both the skewed pile 
bents (Figure B-50) and the aligned pile bents (Figure B-57). 

The effects of the bridge and the pile bents on the peak tidal and residual 
currents are summarized in Table B-3.  The skewed pile bents with the 
skewed bridge crossing had a peak flood velocity of 1.57 mps (5.15 fps).  
The aligned pile bents with the skewed bridge crossing had a peak velocity 
of 1.10 mps (3.61 fps).  Finally, the aligned bridge and pile bents had a 
peak velocity of 0.99 mps (3.25 fps).   

Conclusions 

The following conclusions have resulted from the analysis presented in 
this memorandum:   

a) Ocean waves do not contribute to the erosion at the railroad bridge. 
b) The tendency for the channel to run along the southern bank at the 

railroad bridge has been a persistent feature of the river for several 
decades.   

c) The dredging plan that limits the dredging to Area 1 and the west-
ern end of Area 2 will not significantly impact on the erosion poten-
tial at the railroad bridge. 

d) The velocities used by NCDT for the design of the protection of the 
railroad bridge are approximately a 40-year river flood return pe-
riod.  

e) The wetland performance based on maintenance of the tide range 
can be achieved with the proposed limited dredging plan. 

f) The erosion at the south side of the railroad bridge is strongly influ-
enced by the skewed orientation of the pile bents and the overall 
orientation of the bridge relative to the river channel alignment 
 

Direct responses to the questions posed for this effort follow: 

1) Is there a dredging design that can maintain the restoration area and 
have minimal to neutral impact on the bridge?  
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Both the pre- and post-dredging conditions for the proposed dredging 
plan will maintain reasonable tidal performance in the wetland and have 
minimal impact on the bridge for normal tidal conditions.  Dredging be-
yond the currently proposed Area 2 which would return the channel to the 
“existing” full design channel for the SCE project would not have a direct 
normal tidal impact, but could increase the potential for significant ero-
sion during any subsequent river flood events.  However, protection 
against those flood events should be addressed by the remedial protection 
plan of NCTD. 

2) review of NCTD alternatives for remediation of scour to Bridge 243 
and effects to tidal flows in the lagoon;  

The maximum velocity used in the design of the riprap protection for re-
mediation of scour to Bridge 243 is associated approximately a 40-year 
event, based on the ERDC model simulations.  If protection for a larger re-
turn period was desired, then a higher velocity might be considered. 

3) review of SCE dredging alternatives and NCTD railroad bridge repair al-
ternatives;  

The dredging alternatives should be limited to the currently proposed plan 
until the NCTD railroad bridge repair alternatives are constructed.  The 
temporary loss of performance in tide range in the wetland is 3 percent. 

4) evaluation of downstream and upstream existing sediment and flow 
models; 

The ERDC sediment transport model suggests that the full design channel 
for the SCE wetland would increase the risk of erosion at the railroad 
bridge for any subsequent river floods equal to or larger than a 10-year 
flood.  However, there is no significant increase in erosion during normal 
tidal conditions associated with the dredging plan.  The feature that is of-
fering protection to the railroad bridge is the lack of a direct efficient tidal 
channel through the inlet that creates a backwater effect at the railroad 
bridge that reduces any potential river bed scour there. 

5) other suggestions 

The persistence of the flood channel along the southern shore at the rail-
road bridge is believed to be in part associated with the blockage of the 
cross section to flow aligned with the river combined with the orientation 
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of the railroad line at 45 degrees to the river.   If the orientation of the pile 
groupings had been along the river alignment, flow would be less guided to 
the shore.  In addition, if the protection plan allowed for deeper flow 
depths in the middle of the river the natural channel thalweg might shift 
away from the bank.  
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Table B-1  Previous artificial openings by the City of Del Mar 

Lagoon Closures Openings Opened by 

11 April 1999 23 September 2000 City of Del Mar 

22 November 2001 23 September 2002 City of Del Mar 

25 April 2003 5 September 2003 City of Del Mar 

16 June 2006 22 September 2006 City of Del Mar 

16 March 2007 6 May 2008 City of Del Mar 
 

Table B-2  Tidal performance in SCE W-4 wetland 

Parameter 
Bathymetric condition 

Existing 
SANDAG 

Pre-dredge Post-dredge 

Maximum elevation (m) 1.24 1.18 1.21 
Minimum elevation (m) 0.16 0.16 0.16 
Spring tide range (m) 1.08 1.02 1.05 
Percent full performance 100% 94.4% 97.2% 

 

Table B-3  Summary of tidal velocities on the south shore 

 Velocity (mps) 
Configuration  Flood  Ebb  Residual  
Skewed Pile Bents  1.57  1.01  0.120  
Pile Bents Aligned with flow  1.10  0.71  0.037  
Perpendicular Bridge Crossing  0.99  0.86  0.049  
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Figure B-1  Bathymetric condition in inlet 19 August 2014 (from Coastal Environments, 2014) 
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 Figure B-2  ADH numerical model of the San Dieguito Lagoon 
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 Figure B-3  Mesh resolution in the vicinity of the entrance and the NCTB railroad bridge. 
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 Figure B-4  Location of cross section for flood impact assessment. 
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 Figure B-5  Cross section before and after range of flood event return periods for the cross 
section shown in  Figure B-4.  
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Figure B-6  From Chang, 2004.  The predicted erosion at the railroad bridge during a 100-
yrear river flood using the Fluvial-12 model for the with project (Edison wetland) 

 



ERDC/LAB TR-0X-X 380 

 

 

Figure B-7  Observed cross sections west of RR bridge (from HDR, 2014)  

 

Figure B-8  Observed cross sections east of RR bridge (from CE)  
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Figure B-9  Variation comparisons east and west of railroad bridge  for each survey period 
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 Figure B-10   Further illustration of variability in channel conditions 
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Figure B-11    Channel bathymetry from 2006. (Coastal Environments, 2006) 
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 Figure B-12  Variability in the apparent channel thalweg inferred from aerial photography 
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(a)  1995-2008 

    
(b)  2009-2014 

Figure B-13.  Variation in channel alignment before and after the creation of SCE wetland W4 
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Figure B-14  Aerial photography from 1-11-2003 showing aeration at the water surface just 
west of the railroad bridge. 
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Figure B-15  Waves for 2013 in the area 
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 Figure B-16  Wave height estimations from STWAVE coarse grid analysis using a 10-m grid, a 
significant wave height offshore of 5 m, 10 second period, a TMA spectrum with gamma of 

3.3 for MWL. 
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Figure B-17   Fine inset grid for inlet area using 5-m resolution. 

 

Figure B-18  Fine grid wave model results along railroad bridge, wave height in meters. Ocean 
wave of 10 seec period , 5m wave height an mean water level at MHHW. 
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Figure B-19  Variation in wave heights along Railroad bridge for water level at MHHW 
for a variety of offshore wave conditions 
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Figure B-20  Existing bathymetry model form SANDAG study. 
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Figure B-21  Pre-dredge bathymetry model taken from Figure 1.   
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Figure B-22  Dredging polygons for proposed dredging. 
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Figure B-23  Post dredge bathymetric model 
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Figure B-24  Pacific Ocean tidal boundary condition for model simulation period 
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Figure B-25  ADH model response for the “existing” conditions for the SANDAG modeling 
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Figure B-26   ADH model response for the pre-dredge current conditions.  
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Figure B-27  ADH model response for the post-dredge conditions. 



ERDC/LAB TR-0X-X 399 

 

 

Figure B-28   Comparison of the tidal response at the railroad bridge for the three bathymetric 
condition ADH simulations. 
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Figure B-29  Comparison of the tidal response at the SCE wetland W4 for the three 
bathymetric condition ADH simulations. 
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Figure B-30  System inundation during spring tide for existing conditions 
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Figure B-31  Comparison of the cross section across the channel at the railroad bridge/. The 
W-19 SANDAG model had a more uniform channel compared to the current conditions.  The 
post-dredge condition is the same as the current at the RR bridge because the dredging was 

downstream. 
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Figure B-32  Tidal variation in current velocity at the railroad cross section for the ADH tidal 
simulation. 
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Figure B-33  Comparison of the peak flood (+) and ebb (-) currents during the tidal simulation 
for the three simulations.  The differences between the pre- and post-dredging conditions are 

also presented.  The differences between current and existing conditions are significantly 
greater than the pre- and post-dredging conditions 
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Figure B-34  Comparison of the peak flood (+) and ebb (-) currents during the tidal simulation 
for the three simulations.  The average velocity distributions for each of the conditions are 

also presented.  The differences between current and existing conditions are again 
significantly greater than the pre- and post-dredging conditions 
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Figure B-35  Local shoreline protection on the south side of the river just west of the railroad 
bridge. 
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Figure B-36  Possible explanation of tendency for differential channels for flood and ebb 
currents at the railroad bridge.   The orientation of the railroad combined with the blockage to 
flow presented by the pile groups can create a funneling effect on the currents that shifts the 

flood current to the south bank and the ebb currents to the north bank. 
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Figure B-37  Peak current velocity magnitudes for the 100-year river flood event for the 
existing SANDAG bathymetry. 

 

 

Figure B-38  Design equation used for the sizing of the rock Riprap protection 
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Figure B-39  Comparison of the velocity used for the design of protective riprap with the peak 
velocities from the ADH model for specific river flood return periods. 
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Figure B-40  Bed displacement for the pre-dredge bathymetry simulation of a 10-year river 
flood event.  Red indicates deposition and blue indicates erosion. 
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Figure B-41  Bed displacement for the post-dredge bathymetry simulation of a 10-year river 
flood event.  Red indicates deposition and blue indicates erosion. 
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Figure B-42  Bed displacement for the SANDAG existing bathymetry simulation of a 10-year 
river flood event.  Red indicates deposition and blue indicates erosion. 
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Figure B-43  Comparison of bed displacement for 10-year flood for the bathymetries 
simulated. 
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Figure B-44  Effects of proposed dredging plan on the peak water surface profile for a 10-year 
river flood. 
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Figure B-45 Effects of full dredging of channel (“existing” SANDAG) on the peak water surface 
profile for a 10-year river flood. 
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Figure B-46  Schematized basin model for testing bridge crossing effects on circulation. 
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Figure B-47  Details of model representation of generic bridge crossing, inset showing the 
material specifications. 

 

Figure B-48  Current velocity magnitude and flow vectors for peak incoming flood tide for the 
case on skewed pile bents. 
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Figure B-49  Current velocity magnitude and flow vectors for peak outgoing ebb tide for the 
case on skewed pile bents. 

 

Figure B-50  Residual mean currents (tidally averaged) for the case of skewed pile bents. 
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Figure B-51  Details of residual currents at south shore abutment for the case of skewed pile 
bents. 

  




