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Figure 7-3  Maximum velocity magnitudes for existing conditions for 100-year flood event 
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Figure 7-4  Model schematization of Option 1 

 

Figure 7-5  Bed displacement for 100-year flood event for Option 1 (brackish marsh weir at 
3.66 m) 
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Figure 7-6  Maximum velocity magnitudes for Option 1 for 100-year flood event 

 

 

Figure 7-7  Localized water surface elevation response near the weirs 
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Figure 7-8  Model representation of Option 1 with the brackish marsh weir elevation raised to 
4.9 m (16.1 ft NGVD) and widened 

 

Figure 7-9  Bed displacement for 100-year flood event for Option 1 with raised (4.9m) and 
widened brackish marsh weir 
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Figure 7-10  Maximum velocity magnitudes during 100-year flood event for Option 1 with 
raised (4.9m) and widened brackish marsh weir 

 

 

Figure 7-11  Model representation of Option 1 with no brackish marsh 
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Figure 7-12   Bed displacement for 100-year flood event for Option 1 with no brackish marsh  
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Figure 7-13  Model representation of Option 1 with a dike without a weir 

 

Figure 7-14  Bed displacement for 100-year flood event for Option 1 with a dike 
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Figure 7-15  Model representation of Option 1 with closed dike around the salt marsh eastern 
side and the brackish marsh. 

 

Figure 7-16  Bed displacement for 100-year flood event for Option 1 with closed dike around 
the salt marsh eastern side and the brackish marsh. 
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Figure 7-17  Model representation of Option 1 with brackish marsh dike and shifted salt 
marsh weir 

 

Figure 7-18  Bed displacement for the 100-year flood event for Option 1 with brackish marsh 
dike and shifted salt marsh weir 
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Figure 7-19  Model representation of Option 2 
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Figure 7-20  Bed displacement for 100-year flood event for Option 2 

 

Figure 7-21  Model representation of Option 2 without a brackish marsh 
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Figure 7-22  Bed displacement for 100-year flood event for Option 2 without a brackish marsh 

 

Figure 7-23  Model representation of Option 2 with dike at brackish marsh 
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Figure 7-24  Bed displacement for 100-year flood event for Option 2 with dike at brackish 
marsh 
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Figure 7-25  Model representation of Option 2 with extended dike at brackish marsh 

 

Figure 7-26  Bed displacement for 100-year flood event for Option 2 with extended dike at 
brackish marsh 
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Figure 7-27  Model representation of Option 4 

 

Figure 7-28 Bed displacement for 100-year flood event for Option 4 
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Figure 7-29 Maximum velocity magnitudes during 100-year flood event for Option 4 
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Figure 7-30 Model representation of Option 5 

 

Figure 7-31   Bed displacement for 100-year flood event for Option 5 
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Figure 7-32 Maximum velocity magnitudes during 100-year flood event for Option 5 
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Figure 7-33  Peak water surface profiles for 100-year flood event for Option 1 and variations 
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Figure 7-34  Local peak water surface profiles for 100-year flood event for Option 1 and 
variations 



ERDC/LAB TR-0X-X 120 

 

 

Figure 7-35 Peak water surface profiles for 100-year flood event for Option 2 and variations 
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Figure 7-36 Peak water surface profiles for 100-year flood event for Option 1 and Option 2 
variations compared with Options 4 and 5 
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Figure 7-37  Comparison of the sediment delivery profiles for AdH and Fluvial-12 models for 
the 100-year flood event 
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Figure 7-38  Comparison of sediment delivery for prior to and after the Edison wetland 
restoration project and for the new El Camino Real Bridge for the 100-year flood event 
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Figure 7-39  Effects of new bridge on the cross section at El Camino Real 
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Figure 7-40  Comparison of sediment delivery for the 100-year flood event for Option 1 and 
its variations 

 

Figure 7-41 Comparison of sediment delivery for the 100-year flood event for Option 2 and its 
variations 
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Figure 7-42 Comparison of sediment delivery for the 100-year flood event for Options 4 and 5  
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8 Secondary Screening 

The secondary screening was performed for a smaller number of design al-
ternatives than processed by the initial screening, but for an expanded 
number of flood events.   The alternatives screened during the second 
screening were: 

a. Existing conditions 

b. Option 1 with a widened and raised (to 4.9 m)brackish march weir 

c. Option 2 (original design) 

d. Option2 with an extended brackish marsh dike 

e. Option 4 

f. Option 5 

The simulations performed for each of the alternatives included the 10-
year, 25-year, 50-year and 100-year single event simulations (see Figure 
6-1) and the 100-year series simulation (see Figure 6-3).   

100-year series simulation 

As discussed in Chapter 6, the purpose of the 100-year series simulation 
was to simulate only the periods of time when significant sediment is mo-
bilized from bed.  This allows for the simulation of the effective long-term 
impacts over a relatively short simulation period.  It has been assumed 
that the shortened simulation period will be acceptable for comparisons 
between alternatives and to serve as the best indicator for the impact on 
sediment delivery to the coastal zone.  As with all numerical model results, 
however, careful interpretation of simulation results in needed when relat-
ing quantitative results back to the real world.   

The results of the 100-year series simulation will be analyzed after each of 
the separate events that comprise the series (see Table 6-2).  The times at 
the end of each event are highlighted in the flood hydrograph shown in 
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Figure 8-1.  The analysis will present the bed bottom elevation displace-
ment as cumulative change at each of the times and as incremental bed 
displacement during each of the ten events within the series.  The times at 
the end of the individual events are hours 14.5, 41.5, 65, 95, 119, 155, 180, 
203, 235 and 250. 

Existing conditions 

The cumulative bed displacement for the analysis hours of the 100-year 
flood event series for existing conditions are presented in Figure 8-2 
through Figure 8-11.   

At the end of the first event (hour 14.5) the beginnings of erosion on the 
outside of the river bends and deposition on the inside are evident, partic-
ularly along the Edison dike reach of the river (Figure 8-2).   The plot of 
the hydrograph in the upper left corner of the figure shows the progression 
through the simulation.   

After the second event (hour 41.5 in Figure 8-3) the changes have amplified 
but remained in the same locations.   After the third event (hour 65; Figure 
8-4) the zone of erosion just east of the armoring of the Edison weir has 
moved northward and is beginning to flank the eastern end of the armor 
there.  The erosion is beginning to become evident along the full length of 
the channel thalweg.  The fourth and fifth events (Figure 8-5 and Figure 8-6) 
continue the bed changes at the locations shown after the first three 
events.   

The sixth event (Figure 8-7), which is a 100-yer flood event, started to 
erode an additional channel in the area just north of the nesting site.  The 
next two events make little change in the geomorphology, but the ninth 
event (Figure 8-10) shifts the river channel north of the nesting island fur-
ther to the south.   The final event showed little difference. 

Each of the ten events of the 100-year series simulation for existing condi-
tions is evaluated to show the incremental change in the bathymetry for 
each event.  These results are presented in Figure 8-12 through Figure 
8-21.   The results show that the preceding geomorphological changes in-
fluence the subsequent impact of the next event.  The largest impacts are 
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for events 6, 9 and 4 in decreasing order of impact.  The lower discharge 
events are influenced the most by the preceding events. 

Option 1 with widened and raised brackish marsh weir 

The cumulative bed displacement for the Option 1 with revised brackish 
marsh weir for the 100-year series simulation at the analysis times shown 
in Figure 8-1 are presented in Figure 8-22 through Figure 8-31.  The incre-
mental bed changes for the ten discharge events in the series are presented 
in Figure 8-32 through Figure 8-41. 

When comparing the geomorphological response of Option 1 with the re-
vised brackish marsh weir to the existing conditions the impact of a partic-
ular flood level for Option 1 is equivalent to the changes for a higher flow 
rate in the existing.  This is evident along the river, where the option 1 con-
fines the flood event to pass through a constricted flood plain width, re-
sulting in a generally higher transport capacity and therefore, potential for 
geomorphological change. 

Option 2 

The cumulative bed displacement for the Option 2 for the 100-year series 
simulation at the analysis times shown in Figure 8-1 are presented in Fig-
ure 8-42 through Figure 8-51.  The incremental bed changes for the ten 
discharge events in the series are presented in Figure 8-52 through Figure 
8-61. 

The Option 2, which has less constraints on the north-south migration of 
the flow exhibited greater geomorphological changes over the 100-year se-
ries simulation.  Sedimentation begins within the brackish marsh at the 
lowest event within the series (5700 cfs for event 1, Figure 8-52).  The peak 
event with 41,800 cfs (event 6, Figure 8-57) results in the vast majority of 
the deposition within the salt marsh.  By the end of the simulation there 
has been significant deposition within both the salt marsh and the brack-
ish marsh. 

The pathway for flow and sediment into the salt marsh is across the utility 
corridor about half way from the southern edge of the wetland to the river. 
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Option 2 with extended brackish marsh dike 

The cumulative bed displacement for the Option 2 with the extended 
brackish marsh dike for the 100-year series simulation at the analysis 
times shown in Figure 8-1 are presented in Figure 8-62 through Figure 
8-71.  The incremental bed changes for the ten discharge events in the se-
ries are presented in Figure 8-72 through Figure 8-81. 

The extended dike shifted the flow across the utility corridor northward 
compared to the case for Option 2.  However, the dike directs more of the 
flow farther down the river to be diverted back across the salt marsh berm 
at two additional locations on the eastern side of the nesting site.  Addi-
tional zones of deposition in the middle and western end of the salt marsh 
are seen. 

The shift of the channel north of the nesting site is less dramatic.  There is 
significant diversion of flow and sediment across the berm on the north 
side of the salt marsh with deposition inside the salt marsh.  The majority 
of the impact is associated with the sixth event (41,800 cfs, Figure 8-67 
and Figure 8-77). 

Option 4 

The cumulative bed displacement for the Option 4 for the 100-year series 
simulation at the analysis times shown in Figure 8-1 are presented in Fig-
ure 8-82 through Figure 8-91.  The incremental bed changes for the ten 
discharge events in the series are presented in Figure 8-92 through Figure 
8-101. 

There is significant deposition with Option 4 in the brackish marsh.  The 
deposition in the salt marsh is more distributed east to west related to the 
overtopping of the berm on the north side of the salt marsh.  During the 
100-year series simulation the river flows bifurcated just northeast of the 
nesting site.  That gave sufficient relief in the water level profile that there 
was then no diversion across the utility corridor to create a channel 
through the eastern end of the salt marsh as was seen in both Option 2 and 
Option 2 with the extended brackish marsh dike.  
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The brackish marsh was completely closed off with sedimentation in the 
access channel.   The deposition in the entrance to the Edison marsh (W4) 
shows a distinctly different pattern with Option 4 from any of the other al-
ternatives.  The deposition is no longer distributed across the entrance but 
is confined to the east side and has two pathways of deposition northward 
into the wetland.  This is the result of the bifurcation of flows around the 
nesting site and the dual direction of the flow momentum approaching the 
entrance from upstream. 

Option 5 

The cumulative bed displacement for the Option 5 for the 100-year series 
simulation at the analysis times shown in Figure 8-1 are presented in Fig-
ure 8-102 through Figure 8-111.  The incremental bed changes for the ten 
discharge events in the series are presented in Figure 8-112 through Figure 
8-121. 

The on-river wetland provides an alternative efficient hydraulic pathway 
for high river flows.  This pathway helped support the southward shift of 
the river thalweg north of the nesting site.  The dike around the salt marsh 
was effective at keeping sedimentation out of the salt marsh. 

The high 100-year flood event of 41,800 cfs (event 6; 1184 cms) has the 
dominant impact on the geomorphology of the system (Figure 8-117).  The 
second highest flow of event 9 (991 cms) further incised the river channel 
and continued deposition in the flood plain (Figure 8-120). 

Summary of 100-year Series Geomorphology 

The overall impact of the 100-year series simulations on the geomorphol-
ogy of the study area between El Camino Real and Interstate 5 are summa-
rized by comparing the initial bathymetry with the final bathymetry at the 
end of the simulation.   

Figure 8-122 presents the beginning and ending bathymetry for the exist-
ing conditions.  The model simulation shows significant overbank deposi-
tion on the flood plain between El Camino Real and approximately the Ed-
ison Weir.  Significant channel incising is evident along the river channel 
throughout the system.  Downstream from the Edison Weir there was less 
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flood plain deposition, but a realignment of the primary channel to the 
south.   The model exhibited channel braiding adjacent to the Edison Weir 
and also just north of the nesting Island. 

The starting and ending bathymetry for Option 1 with the widened and 
raised brackish marsh weir during the 100-year series simulation are pre-
sented in Figure 8-123.  The protective dike around both the salt marsh 
and the brackish marsh resulted in limiting the deposition to the access 
channel for the brackish marsh and the entrance channel for the salt 
marsh.  The primary wetlands themselves had no deposition.   The main 
river channel north of the salt marsh dike was realigned to the south.  The 
channel was braided just east of the Edison Weir into three separate 
smaller channels with deltaic lobes in between. 

Option 2 initial and final bathymetry for the 100-year series simulation are 
presented in Figure 8-124.  There was loss of wetland function in both the 
salt marsh and the brackish marsh. There was some channel shifting and 
braiding along the main river channel. 

Option 2 with the extended dike initial and final bathymetry are presented 
in Figure 8-125.  The primary feature of the performance of this alternative 
is the multiple pathways of flow and sediment making its way into the salt 
marsh. 

Option 4 initial and final bathymetry are presented in Figure 8-126.  This 
option showed extensive impacts both in the deposition in the wetlands 
and changes in the channel alignments. 

Option 5 initial and final bathymetry are presented in Figure 8-127.    The 
performance of Option 5 is very similar to Option 1.  The design keeps the 
discharge moving down the main channel and results in a shifted 
straighter channel. 

The model has exhibited the tendency to have more meandering and 
braided channels for lower flows and a straightened channel for higher 
flows.  This is facilitated by flow diversions from the main river channel 
that effectively reduce the discharge.  The existing channel carries some of 
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the flow in the overbank flood plain, Options 1 and 5 force the flow to re-
main close to the channel (higher channel flow), both Option 2 alterna-
tives lose flow across the salt marsh berm and Option 4 loses a dramatic 
fraction of the river flow to the salt marsh pathway.  These alternatives ex-
hibit a slightly meandering channel for existing, a straightened channel for 
Options 1 and 5, meandering and braiding for both Options 2 and mean-
dering and braiding to a finer scale for Option 4. 

Sediment Delivery 

The sediment delivery to the primary bridges along the river are presented 
in Figure 8-128 for the 100-year series simulations for each wetland design 
option.  The options that have an unprotected feature have several things 
in common.   Because the unprotected wetlands retain the full flood plain 
width of the existing conditions the flow cross section becomes large at 
peak flood levels, reducing the average velocity and lowering the backwa-
ter water surface elevation profile.  The lower profile results in higher ve-
locities upstream of the study area and head-cutting upstream of El 
Camino Real.  That results in a higher sediment delivery to El Camino 
Real.  These unprotected options, however, are also more efficient sedi-
ment traps and therefore they have lower sediment delivery to Interstate 5.  
That lower delivery is extended to the ocean. 

The cumulative sediment delivery to Jimmy Durante Bridge is presented 
in Figure 8-129 which shows the time series of the sediment delivery 
throughout the 100-year series simulation.  This illustrates the nonlinear-
ity of the sediment transport response to varying river discharges. 

Geomorphology of Single Flood Events 

For the second phase of screening each of the selected alternatives were 
simulated for the single flood events associated with the 10-, 25-, 50- and 
100-year return periods (see Figure 6-1).  For ease of comparison each of 
the four return period model simulation results for bed displacement are 
presented in single figures.  

The bed displacement for individual flood events for existing conditions 
are presented in Figure 8-130. 
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The bed displacement for individual flood events for Option 1 withe the 
widened and raised brackish marsh dike are presented in Figure 8-131. 

The bed displacement for individual flood events for Option 2 are pre-
sented in Figure 8-132. 

The bed displacement for individual flood events for Option 2 with the ex-
tended brackish marsh dike are presented in Figure 8-133. 

The bed displacement for individual flood events for Option 4 are pre-
sented in Figure 8-134. 

The bed displacement for individual flood events for Option 5 are pre-
sented in Figure 8-135. 

Summary of Sediment Delivery for all Simulations 

The sediment delivery for all of the secondary screening options and flow 
conditions are compared in Figure 8-136 through Figure 8-138 for the de-
livery to El Camino Real Bridge, Interstate 5 Bridge and Jimmy Durante 
Bridge, respectively.  These are compared as bar plots.  These show clearly 
that Option 1 provides the best performance with regard to sediment deliv-
ery. 

The difference in sediment supply between Interstate 5 and El Camino 
Real, between Jimmy Durante Bridge and Interstate 5 and between Jimmy 
Durante Bridge and El Camino Real are presented in Figure 8-139 and Fig-
ure 8-141, respectively.  These show that Option 1 performs best, but also 
that when comparing differences it is even clearer that Option1 is the pre-
ferred option. 

Water Surface Elevation Profiles 

Option 1 with revised brackish marsh weir 

The comparison of Option 1 with the modified brackish marsh weir to the 
existing conditions water surface elevation profiles for the 10-, 25-, 50- 
and 100-year flood events are presented in Figure 8-142.  The Option 1 
profile is lower than the existing throughout the system for the 10- and 25-
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year flood events.  The 50-year flood event water surface profile is virtually 
identical for Option 1 and existing conditions.  For the 100-year flood 
event profile the Option 1 profile is slightly higher than the existing down-
stream of the utility corridor and slightly lower upstream. 

Option 2 

The comparison of Option 2 to the existing conditions water surface eleva-
tion profiles for the 10-, 25-, 50- and 100-year flood events are presented 
in Figure 8-143.  The water surface elevation profiles for Option 2 are uni-
formly lower than the existing conditions for all flood events, with the dif-
ferences being greater for higher flows. 

Option 2 with extended brackish marsh dike 

The comparison of Option 2 with the extended brackish marsh dike to the 
existing conditions water surface elevation profiles for the 10-, 25-, 50- 
and 100-year flood events are presented in Figure 8-144.   The water sur-
face elevation profiles for Option 2 with the extended brackish marsh dike 
are also uniformly lower than the existing conditions for all flood events, 
with the differences being greater for higher flows. However, the differ-
ences are less than seen for the original Option 2. 

Option 4 

The comparison of Option 4 to the existing conditions water surface eleva-
tion profiles for the 10-, 25-, 50- and 100-year flood events are presented 
in Figure 8-145.  Generally the flood profiles for Option 4 are lower than 
seen for the existing conditions for all flood return periods.  However, over 
a reach of the river just upstream of Interstate 5 the water surface eleva-
tion is locally higher for Option 4 than for existing conditions.  This may 
be associated with the diverted flows into the salt marsh recombining with 
the main river channel flows from a different direction.  Combining flows 
convert lateral momentum into downstream momentum by storing energy 
temporarily as potential energy (higher water surface elevation) before 
converting back to kinetic energy (velocity downstream). 
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Option 5 

The comparison of Option 5 to the existing conditions water surface eleva-
tion profiles for the 10-, 25-, 50- and 100-year flood events are presented 
in Figure 8-146.   The water surface profiles for Option 5 are very similar 
to those seen for Option 4.  However, the local increase in the water sur-
face for Option 5 is less than seen for Option 4 and is over a longer reach of 
the river.  For the 25-year event the zone of higher profile extends down-
stream almost to Jimmy Durante Bridge.  For the 50-and 100-year flood 
events the increase is very small. 

Summary of Second Phase Screening 

The results of the secondary screening of the design alternatives are sum-
marized in Table 8-1.   The revised evaluation of alternatives takes into 
consideration the results of the 100-year series simulations for wetland 
sustainability associated with geomorphological responses and the flood 
control issues documented in the single event simulations.   

The optimum wetland design needs to balance the wetland sustainability 
gained by providing protection of the wetlands from flow conveyance 
through the wetland which carries damaging sedimentation with the flood 
control issues associated with keeping the flow in the main stem of the 
river. 

Modeling team recommends rejecting Options 3, 4 and 6 and continuing 
forward with Options 1, 2 and 5 into preliminary engineering and the envi-
ronmental document phase.  The final phase of modeling supported that 
effort. 
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Table 8-1  San Dieguito Lagoon W-19 Hydrodynamic Alternative Evaluation after second phase of screening 

 100-year   
Water Level 

100-year      
Velocity at        

Infrastructure 

Sediment    
Delivery to 

Ocean 

Tide Muting in 
W4 (SCE) 

Wetlands   
Sustainability 

Tide Range in 
W19 

(SANDAG) 

Total 
Score 

Comments /Sugges-
tions to improve per-

formance 

Design 
Criteria 

Within 0.1 foot 
of existing flood 

levels  

Within 0.1 fps of 
existing flood ve-

locities 

Within 2% of 
existing condi-

tions 

Both high and low 
tide elevations within 

0.2 feet existing 

Siltation in Wet-
land area to be 

less than 3 
inches 

Mimic SCE W4 Total 

 

Option 1 5 4 4 4 5 5 27 Raise/lengthen weir to reduce 
WSEL at ECR 

Option 2 5 4 4 4 0 5 22 Siltation will destroy the wet-
lands w/100 year storm 

Option 3 3 4 4 3 5 5 24 
Variation of Option 1.  Looking 

at raising and/or lengthening weir 
to reduce WSEL at ECR 

Option 4 5 4 3 3 0 5 20 
Unprotected wetlands will be-

come low flow channel after ma-
jor event destroying wetlands. 

Option 5 4 4 4 3 3 5 23 

Creates two salt water wetlands: 
smaller unprotected wetland will 

be lost with major event, but 
could provide temporary wet-

lands   

Option 6 3 4 4 3 4 5 23 
Variation of Option 1.  Looking 

at raising and/or lengthening weir 

Qualitative Ranges:  Excellent (5), Good (4), Fair (3), Poor (2), Failing (0) 
Notes:   

1. Evaluation of options 3 and 6 is qualitative based on modeling experience gained from modeling options 1, 2, 4 & 5. 
2. We have not compared velocities, but expect no significant difference between options 
3. Options 2 & 4 create more erosion upstream of ECR resulting in larger sediment supply and making it difficult to com-

pare options.   
4. Tide Muting in W-4:  the larger the created wetlands in W-19 the greater the muting impact on W-4.   
5.  Wetlands sustainability:  measure of the amount of sedimentation expected in the created wetlands.   
6. Option 6 is expected to have little or no sediment in the salt water wetlands, but as currently configured moderate to 

severe sedimentation in the brackish marsh.
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Figure 8-1  Times for analysis of bed displacement for the 100-year series simulations  
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Figure 8-2  Cumulative bed displacement for Existing 100-year series – hour 14.5 

 

Figure 8-3  Cumulative bed displacement for Existing 100-year series – hour 41.5 
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Figure 8-4  Cumulative bed displacement for Existing 100-year series – hour 65 

 

Figure 8-5  Cumulative bed displacement for Existing 100-year series – hour 95 
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Figure 8-6  Cumulative bed displacement for Existing 100-year series – hour 119 

 

 

Figure 8-7  Cumulative bed displacement for Existing 100-year series – hour 155 
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Figure 8-8  Cumulative bed displacement for Existing 100-year series – hour 180 

 

Figure 8-9  Cumulative bed displacement for Existing 100-year series – hour 203 
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Figure 8-10  Cumulative bed displacement for Existing 100-year series – hour 235 

 

 

 

Figure 8-11  Cumulative bed displacement for Existing 100-year series – hour 250 



ERDC/LAB TR-0X-X 145 

 

 

Figure 8-12  Incremental bed displacement for Existing 100-year series Event 1 

 

Figure 8-13  Incremental bed displacement for Existing 100-year series Event 2 
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Figure 8-14  Incremental bed displacement for Existing 100-year series Event 3 

 

 

Figure 8-15  Incremental bed displacement for Existing 100-year series Event 4 
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Figure 8-16  Incremental bed displacement for Existing 100-year series Event 5 

 

Figure 8-17  Incremental bed displacement for Existing 100-year series Event 6 



ERDC/LAB TR-0X-X 148 

 

 

Figure 8-18  Incremental bed displacement for Existing 100-year series Event 7 

 

Figure 8-19  Incremental bed displacement for Existing 100-year series Event 8 
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Figure 8-20  Incremental bed displacement for Existing 100-year series Event 9 

 

Figure 8-21  Incremental bed displacement for Existing 100-year series Event 10 
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Figure 8-22  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 14.5 

 

Figure 8-23  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 41.5 
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Figure 8-24  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 65 

 

Figure 8-25  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 95 
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Figure 8-26  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 119 

 

Figure 8-27  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 155 
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Figure 8-28  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 180 

 

Figure 8-29  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 203 
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Figure 8-30  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 235 

 

Figure 8-31  Cumulative bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series – hour 250 
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Figure 8-32  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 1 

 

 

  Figure 8-33  Incremental bed displacement for Option 1 with widened and raised weir (4.9 
m) 100-year series Event 2 
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Figure 8-34  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 3 

 

 

Figure 8-35  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 4 
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Figure 8-36  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 5 

 

 

Figure 8-37  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 6 
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Figure 8-38  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 7 
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Figure 8-39  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 8 

 

 

Figure 8-40  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 9 
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Figure 8-41  Incremental bed displacement for Option 1 with widened and raised weir (4.9 m) 
100-year series Event 10 

 

 

 

Figure 8-42  Cumulative bed displacement for Option 2 for 100-year series – hour 14.5 



ERDC/LAB TR-0X-X 161 

 

 

Figure 8-43  Cumulative bed displacement for Option 2 for 100-year series – hour 41.5 

 

Figure 8-44  Cumulative bed displacement for Option 2 for 100-year series – hour 65 
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Figure 8-45  Cumulative bed displacement for Option 2 for 100-year series – hour 95 

 

Figure 8-46  Cumulative bed displacement for Option 2 for 100-year series – hour 119 
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Figure 8-47  Cumulative bed displacement for Option 2 for 100-year series – hour 155 

 

Figure 8-48 Cumulative bed displacement for Option 2 for 100-year series – hour 180  
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Figure 8-49  Cumulative bed displacement for Option 2 for 100-year series – hour 203 

 

Figure 8-50  Cumulative bed displacement for Option 2 for 100-year series – hour 235 
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Figure 8-51  Cumulative bed displacement for Option 2 for 100-year series – hour 250  

 

Figure 8-52  Incremental bed displacement for Option 2 for 100-year series Event 1 
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Figure 8-53  Incremental bed displacement for Option 2 for 100-year series Event 2 

 

Figure 8-54  Incremental bed displacement for Option 2 for 100-year series Event 3 
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Figure 8-55  Incremental bed displacement for Option 2 for 100-year series Event 4 

 

Figure 8-56  Incremental bed displacement for Option 2 for 100-year series Event 5 
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Figure 8-57  Incremental bed displacement for Option 2 for 100-year series Event 6  

 

Figure 8-58  Incremental bed displacement for Option 2 for 100-year series Event 7 
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Figure 8-59  Incremental bed displacement for Option 2 for 100-year series Event 8 

 

Figure 8-60  Incremental bed displacement for Option 2 for 100-year series Event 9 
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Figure 8-61  Incremental bed displacement for Option 2 for 100-year series Event 10 

 

 

Figure 8-62  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 14.5 



ERDC/LAB TR-0X-X 171 

 

 

Figure 8-63 Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 41.5  

 

Figure 8-64  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 65 



ERDC/LAB TR-0X-X 172 

 

 

Figure 8-65  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 95 

 

Figure 8-66  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 119 
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Figure 8-67  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 155 

 

Figure 8-68  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 180 
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Figure 8-69  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 203 

 

Figure 8-70  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 235 
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Figure 8-71  Cumulative bed displacement for Option 2 with extended brackish marsh dike 
100-year series – hour 250 

 

 

Figure 8-72  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 1 
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Figure 8-73  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 2 

 

Figure 8-74  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 3 
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Figure 8-75  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 4 

 

Figure 8-76  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 5 
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Figure 8-77  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 6 

 

Figure 8-78  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 7 
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Figure 8-79  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 8 

 

Figure 8-80  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 9 
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Figure 8-81  Incremental bed displacement for Option 2 with extended brackish marsh dike 
100-year series Event 10 

 

 

Figure 8-82  Cumulative bed displacement for Option 4 for 100-year series – hour 14.5 

 



ERDC/LAB TR-0X-X 181 

 

 

Figure 8-83  Cumulative bed displacement for Option 4 for 100-year series – hour 41.5 

 

 

Figure 8-84  Cumulative bed displacement for Option 4 for 100-year series – hour 65 
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Figure 8-85  Cumulative bed displacement for Option 4 for 100-year series – hour 95 

 

 

Figure 8-86  Cumulative bed displacement for Option 4 for 100-year series – hour 119 
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Figure 8-87  Cumulative bed displacement for Option 4 for 100-year series – hour 155 

 

 

Figure 8-88 Cumulative bed displacement for Option 4 for 100-year series – hour 180 
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Figure 8-89  Cumulative bed displacement for Option 4 for 100-year series – hour 203 

 

 

Figure 8-90  Cumulative bed displacement for Option 4 for 100-year series – hour 235 
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Figure 8-91  Cumulative bed displacement for Option 4 for 100-year series – hour 250 

 

 

Figure 8-92  Incremental bed displacement for Option 4 for 100-year series Event 1 
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Figure 8-93  Incremental bed displacement for Option 4 for 100-year series Event 2 

 

 

Figure 8-94  Incremental bed displacement for Option 4 for 100-year series Event 3 
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Figure 8-95  Incremental bed displacement for Option 4 for 100-year series Event 4 

 

 

Figure 8-96  Incremental bed displacement for Option 4 for 100-year series Event 5 
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Figure 8-97  Incremental bed displacement for Option 4 for 100-year series Event 6 

 

 

Figure 8-98  Incremental bed displacement for Option 4 for 100-year series Event 7 
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Figure 8-99  Incremental bed displacement for Option 4 for 100-year series Event 8 

 

 

Figure 8-100  Incremental bed displacement for Option 4 for 100-year series Event 9 
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Figure 8-101  Incremental bed displacement for Option 4 for 100-year series Event 10 

 

 

Figure 8-102  Cumulative bed displacement for Option 5 for 100-year series – hour 14.5 
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Figure 8-103  Cumulative bed displacement for Option 5 for 100-year series – hour 41.5 

 

Figure 8-104  Cumulative bed displacement for Option 5 for 100-year series – hour 65 
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Figure 8-105  Cumulative bed displacement for Option 5 for 100-year series – hour 95 

 

Figure 8-106  Cumulative bed displacement for Option 5 for 100-year series – hour 119 
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Figure 8-107  Cumulative bed displacement for Option 5 for 100-year series – hour 155 

 

 Figure 8-108  Cumulative bed displacement for Option 5 for 100-year series – hour 180 
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Figure 8-109  Cumulative bed displacement for Option 5 for 100-year series – hour 203 

 

Figure 8-110  Cumulative bed displacement for Option 5 for 100-year series – hour 235 
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Figure 8-111  Cumulative bed displacement for Option 5 for 100-year series – hour 250 

 

 

Figure 8-112  Incremental bed displacement for Option 5 for 100-year series Event 1 
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Figure 8-113  Incremental bed displacement for Option 5 for 100-year series Event 2 

 

Figure 8-114  Incremental bed displacement for Option 5 for 100-year series Event 3 



ERDC/LAB TR-0X-X 197 

 

 

Figure 8-115  Incremental bed displacement for Option 5 for 100-year series Event 4 

 

Figure 8-116  Incremental bed displacement for Option 5 for 100-year series Event 5 



ERDC/LAB TR-0X-X 198 

 

 

Figure 8-117  Incremental bed displacement for Option 5 for 100-year series Event 6 

 

Figure 8-118  Incremental bed displacement for Option 5 for 100-year series Event 7 
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Figure 8-119  Incremental bed displacement for Option 5 for 100-year series Event 8 

 

Figure 8-120  Incremental bed displacement for Option 5 for 100-year series Event 9 
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Figure 8-121  Incremental bed displacement for Option 5 for 100-year series Event 10 
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Figure 8-122  Existing conditions initial and final bathymetry for 100-year flood series 

 

Figure 8-123 Option 1 with widened and raised brackish marsh weir initial and final 
bathymetry for 100-year flood series 
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Figure 8-124  Option 2 initial and final bathymetry for 100-year flood series 

 

Figure 8-125  Option 2 with extended brackish marsh dike initial and final bathymetry for 
100-year flood series 
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Figure 8-126  Option 4 initial and final bathymetry for 100-year flood series 

 

Figure 8-127  Option 5 initial and final bathymetry for 100-year flood series 
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Figure 8-128  Comparison of sediment supply for the 100-year series simulations 
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Figure 8-129  Time series of sediment delivery accumulation to Jimmy Durante Bridge during 
the 100-year series simulations 
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Figure 8-130  Bed displacement for individual flood events for existing conditions 
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Figure 8-131  Bed displacement for individual flood events for Option 1 with a widened and 
raised (4.9 m) brackish marsh weir 
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Figure 8-132  Bed displacement for individual flood events for Option 2 
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Figure 8-133  Bed displacement for individual flood events for Option 2 with extended dike 
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Figure 8-134  Bed displacement for individual flood events for Option 4  
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Figure 8-135  Bed displacement for individual flood events for Option 5 
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Figure 8-136  Comparison of sediment delivery to El Camino Real Bridge for the second 
phase screening options for the specific flood events and the 100-year series 
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Figure 8-137  Comparison of sediment delivery to Interstate 5 Bridge for the second phase 
screening options for the specific flood events and the 100-year series 
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Figure 8-138  Comparison of sediment delivery to Jimmy Durante Bridge for the second phase 
screening options for the specific flood events and the 100-year series 
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Figure 8-139  Difference in sediment delivery: Interstate 5 – El Camino Real 
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Figure 8-140  Difference in sediment delivery: Jimmy Durante Bridge - Interstate 5  

 

Figure 8-141  Difference in sediment delivery: Jimmy Durante Bridge – El Camino Real 
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Figure 8-142  Effects of Option 1 with widened and raised weir on peak flood level profiles 
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Figure 8-143  Effects of Option 2 on peak flood level profiles 
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Figure 8-144  Effects of Option 2 with extended dike on peak flood level profiles 
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Figure 8-145  Effects of Option 4 on peak flood level profiles 
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Figure 8-146  Effects of Option 5 on peak flood level profiles 
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9 Final Production 

The final production testing was performed on the existing conditions and 
three revised alternatives that included adjustments to the structural com-
ponents and regrading in the vicinity of the utility corridor.  These alterna-
tives were evaluated in detail for all of the single event return period simu-
lations and for the 100-year series simulation.  The analysis of these 
alternatives included indicators of potential erosion areas requiring ar-
moring. 

Presentation of Alternatives 

 
The existing conditions bathymetry is shown in Figure 9-1.  The color con-
tour range is from -1 m NGVD (dark blue) to +4 m (deep red).  The exist-
ing Edison dike is treated in the model as an infinitely high barrier that 
can never be overtopped, which is reasonable for the magnitude of the 
events tested for this project.  The Edison weir is explicitly modeled with a 
crest elevation of +4.21 m (13.8 ft NGVD).  The area south of the river 
where the proposed wetland W-19 is to be constructed has an existing ele-
vation of approximately 3 m (10 ft NGVD).  

 The bathymetries for Alternatives A, B and C are presented in Figure 9-2 
through Figure 9-4, using the same contour range as shown in Figure 9-1.  
Alternatives A and C include dikes (engineered earth mounds), which also 
are assumed to never overtop.  This is a standard approach in numerical 
modeling, to treat the dikes as infinitely high.  The peak elevations of the 
water surface from the model simulations can then be used as design crite-
ria for the actual dike design.  Both Alternative A and C have no dike along 
the eastern end of the wetland, which allows for weir flow to cross the util-
ity corridor and into the wetland at extreme water levels (greater than 4 
m), generally equal to or above a 50-year event.  Alternative B does not 
have a dike, but rather a berm that is intended to over top for extreme 
events.  The elevation of the berm along the north side of the wetland is 
approximately 3 m NGVD. 

The salt water marshes for Alternatives A and B are essentially the same 
extent and configuration, with the primary difference being dikes versus 
berms.  The salt water marsh for Alternative C is separated into two 
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marshes, north of the dike along the river and south of the dike with a weir 
section on the eastern end. 

All three alternatives include a freshwater marsh on the south side of the 
river just west of the El Camino Real Bridge.   Alternatives A and C have a 
dike separating the freshwater wetland from the river, attached to the El 
Camino Real Bridge abutment at the eastern end and with an tidal ex-
change access channel with an invert elevation of  +0.3 m (+1 ft).   

 

Incorporation of Armoring into Alternatives 

 
Armoring in AdH is accomplished by setting a zero thickness to the model 
bed sediments, essentially making it a non-erodible surface.  This was 
specified in the model by defining certain material types as non-erodible.  
The initial armoring of the model was specified only in the locations where 
there is current armoring in place.  These locations were primarily at 
bridge abutments.  In addition, the channel cross section at El Camino 
Real Bridge has an armored layer covered by sediment deposits.  The 
thickness of the deposits were specified over the armor apron there. 

Earlier simulations showed that the model eroded significantly across the 
utility corridor and the river crossing location for the buried pipelines, 
such that the pipes would be directly exposed to currents.  The final phase 
of model simulations presented herein made the assumption that such 
erosion would not be permitted and consequently, the utility corridor and 
the river crossing were armored in the model. 

Armoring in the model for each of the tested alternatives is shown in Fig-
ure 9-5.  The full length of the utility corridor was armored across the full 
width of the model domain.  There is also localized armoring at the Inter-
state 5 bridge and the El Camino Real Bridge.  Local reaches of the Edison 
dike are also armored based on the as-built dike design drawings. 

The armoring west of the Interstate 5 bridge was the same for all alterna-
tives tested and is presented in Figure 9-6.  The armoring is generally lo-
cated at the bridge abutments. 
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The philosophy used in the evaluation of additional armoring for the cur-
rent project features was to initially assume that no armoring is needed 
and if the model results indicate any problem areas then armoring can be 
sized form the model results.  That is why the utility corridor has been ar-
mored in these final simulations.  Note that the armoring of the utility cor-
ridor in Alternatives A and C (Figure 9-5) extends westward to cover the 
eastern end of the dike on the northern and eastern side of the wetland 
and the overflow weir.  The model results indicated that there is no need 
for significant armoring along the length of the dike. 

The berm along the north side of the wetland in Alternative B was also not 
armored.   The philosophy was that if the alternative were to prove benefi-
cial in all other regards then additional armoring based on model results 
could be considered. 

Sedimentation results 

 
The sediment transport model results are evaluated here in several ways.  
The pattern of erosion and deposition that occurs during a simulation is 
contoured over the horizontal domain of the model.  These patterns show 
river channel migration and bifurcations that may occur as a morphologi-
cal response.  The sediment supply that reaches the downstream end of 
the model is calculated as a check for impacts of the alternatives on poten-
tial supply to the coastal zone.   

Bed Displacement 

 
The bed displacement result from the AdH model is the cumulative net 
erosion and deposition over the duration of the simulation at every loca-
tion within the domain of the model.  The bed exchange within the numer-
ical model is a complex balance between the entrainment of sediment into 
suspension, settling sediment particles and spatial gradients of suspended 
sediment transport and bedload transport.  In addition, the sediment gran 
size distribution at specific locations over the model changes as these pro-
cesses are accounted for each individual particle class.  Bed armoring can 
protect finer sediments deeper within the bed from further erosion. 
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Existing 

The numerical model was simulated for the duration of each test in the 
testing program and the cumulative bed displacement was contoured for 
each alternative and event.  A positive bed displacement is deposition, 
while a negative displacement is erosion.  The contour interval for the ma-
jority of the comparison displacement patterns ranges from -4 meters 
(erosion) to + 2 meters (deposition). 

The results for the existing conditions bathymetry for the single event 10-, 
25-, 50 and 100-year simulations are presented in Figure 9-7 through Fig-
ure 9-10.  The morphological changes are confined to close to the original 
alignment of the river for the 10-year event.  The impacts expand laterally 
in the river cross sections for the larger return period events as the inun-
dated extent of the cross section spreads.   For the 100-year simulation the 
river alignment and channel bifurcation just below the utility corridor are 
evident. 

The model exhibits the classical response of morphology to secondary heli-
cal flows in river bends of deposition on the inside and erosion on the out-
side of the bend.  This patterns is shown in the results in the first river 
bend adjacent to the Edison weir.  Downstream from there the river bends 
in the opposite direction and the morphologic response appropriately 
switches to the opposite bank.  The AdH two-dimensional depth-averaged 
shallow water model was simulated solving for the stream-wise vorticity 
which takes the effects of the helical flow into account for the hydrody-
namics. 

Figure 9-11 presents the bed displacement results for the Existing Condi-
tions 100-year series simulation.  The magnitude of the morphologic re-
sponse is amplified and the river channel realignment is incised deeper.   
The erosion along the thalweg of the river channel is significant as the ero-
sion extends upstream of the El Camino Real Bridge, suggesting a head-
cutting response in the river. 

The effects of a 1.5 ft sea level rise on the 100-year flood event simulation 
for Existing Conditions are shown in Figure 9-12.  The effects of a 5.5 ft sea 
level rise are shown in Figure 9-13.  The 1.5 ft SLR does not appear to have 
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any significant effect within the project area.  However, the 5.5 ft SLR in-
creases the overall deposition, particularly on the flood plain.  In addition, 
the degree of erosion along the river channel is also decreased.    

Alternative A 

The results for Alternative A bathymetry for the single event 10-, 25-, 50 
and 100-year simulations are presented in Figure 9-14 through Figure 
9-17.  The progressive response for Alternative A with increasing flood 
level is very similar to the patterns seen in the existing conditions simula-
tions.   

The results for Alternative A for the 100-year series simulation are pre-
sented in Figure 9-18.  Compared to the existing conditions 100-year se-
ries simulation (Figure 9-11) the Alternative A response is generally very 
similar, but the channel bifurcation tendency is less for Alternative A.  

The effects of a 1.5 ft sea level rise on the 100-year flood event simulation 
for Alternative A are shown in Figure 9-19.  The effects of a 5.5 ft sea level 
rise are shown in Figure 9-20.  The sea level rise increases the sediment 
deposition in the eastern end of the W-19 wetland as the flow depth over 
the weir increases.  In addition, the complexity of the morphological varia-
bility is decreased in the vicinity of the utility corridor as the bifurcation 
effect is diminished with rising sea level. 

Alternative B 

The results for Alternative B bathymetry for the single event 10-, 25-, 50 
and 100-year simulations are presented in Figure 9-21 through Figure 
9-24  At the 10-year flood level Alternative B has generally less geomor-
phological impact compared to the existing (Figure 9-7).  There is less ero-
sion along the river channel and less deposition adjacent to the channel.   

The freshwater marsh experiences significant deposition at the 25-year 
flood level for Alternative B, as the flows overtop the berm.  The cross-over 
of the bendway effects along the Edison dike is altered significantly at the 
25-year flood level in Alternative B compared to existing (Figure 9-8).  
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At the 50-year flood level deposition in the freshwater marsh is dramatic 
and flows have overtopped the berm around the saltwater marsh and dep-
osition is evident within the salt marsh.  In addition, the channel realign-
ment along the Edison dike is more pronounced in Alternative B than ex-
isting (Figure 9-9).   

The 100-year flood event for Alternative B shows that a major diversion of 
flow and sediment occurred through the W-19 wetland.  There is signifi-
cant deposition within the W-19 wetland as well as the freshwater wetland.  
There is also increased deposition along rive flanks of the river channel in 
response to the reduced transport capacity with floe diverted through the 
wetland.   

The results for Alternative B for the 100-year series simulation are pre-
sented in Figure 9-25.  The 100-year flood series shows catastrophic depo-
sition within the W-19 wetland along with incising of a channel cut across 
the berm separating the wetland from the river. 

Alternative C 

The results for Alternative C bathymetry for the single event 10-, 25-, 50 
and 100-year simulations are presented in Figure 9-26 through Figure 
9-29.  At the 10-year flood level Alternative C has significantly less geo-
morphological impact compared to the existing (Figure 9-7).  There is less 
erosion along the river channel and less deposition adjacent to the channel 
downstream of the Edison weir.  Upstream of the Edison Weir Alternative 
C shows broader expanse of deposition compared to the existing simula-
tion. 

At the 25-year flood level Alternative C has begun to experience significant 
deposition in the upper end of the along-river salt marsh, which influences 
the degree of morphological change downstream form there compared to 
the existing (Figure 9-8).  There is also greater deposition along the flanks 
of the river channel upstream of the utility corridor at the 25-year flood 
level. 

The deposition immediately downstream of the utility corridor and the up-
per end of the along-river salt marsh for Alternative C is dramatic at the 
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50-year flood level.  The channel realignment north of the bird island is 
much farther to the south compared to the existing (Figure 9-9).  This shift 
to the south seems to have been influenced by the westernmost wetland 
channel of the along-river design configuration. 

Alternative C along-river wetland shows catastrophic deposition for the 
100-year flood event.  The river channel realignment along the Edison dike 
is farther to the south compared to the existing and there is a bifurcation 
in the vicinity of the downstream end of the along-river salt marsh, where 
a channel was cut across the narrow berm at the western end of the wet-
land.  Overall, the degree of deposition between Interstate 5 and El 
Camino Real Bridge is significantly greater for Alternative C compared 
with existing (Figure 9-10). 

The results for Alternative C for the 100-year series simulation are pre-
sented in Figure 9-30.  The 100-year flood series shows an amplification of 
the trends seen in the 100-year event for Alternative C.  However, the river 
channel realignment for Alternative C is now much more definitive, even 
more so than for existing for the 100-year series simulation (Figure 9-11). 

Sediment Supply 

A decrement in the sediment supply to the ocean has been identified as a 
significant potential impact from the wetland project.  Erosion of the 
shoreline adjacent to the river mouth has required significant measures to 
protect shoreline property.   The current modeling effort is focused on the 
performance of the wetland and its impacts on the local hydrodynamics 
and sediment transport.  Because all of the alternatives are upstream of 
the Interstate 5 Bridge, the influence of the coastal processes at the river 
mouth are assumed to have no impact on the sediment transport upstream 
of the Interstate 5 Bridge.  Therefore, the sediment delivery to Jimmy Du-
rante Bridge is used as an alias for the sediment delivery to the ocean.   
This is consistent with the analysis of Chang (2004).   The current AdH 
numerical modeling analysis does not include the littoral processes and 
therefore made no attempt to address sediment supply to the mouth of the 
river. 
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The sediment delivery for all sediment size classes simulated for each sim-
ulation for each alternative tested are presented in Figure 9-31 in thou-
sands of cubic yards. The results are also summarized in Table 9-1. 

The sediment delivery to the Jimmy Durante Bridge varies an order of 
magnitude between the 10-year flood event and the 100-year flood event.  
For the 100-year flood event at the current sea level and with 1.5 ft of SLR 
Alternative A shows an increase in sediment supply to Jimmy Durante 
Bridge.  Also, Alternative C showed an increase for the 100-year flood.  For 
all other simulations there were reductions in sediment supply.  Alterna-
tive A had a 7.6 percent reduction for the 100-year series simulation.  Al-
ternative B had a 25.9 percent reduction and Alternative C had a 10.2 per-
cent reduction in the sediment supply. 

The primary simulation of interest that was designed to reflect the long-
term sediment delivery is the 100-year series.  For that simulation the sed-
iment supply was broken down into each sediment class, as shown in Fig-
ure 9-32.  The results are also summarized in Table 9-2. 

Alternative A showed reductions in all size classes varying between no re-
ductions for very fine sand to a 9.6 percent reduction for very coarse sand.  
The overall reduction for Alternative A was 7.6 percent.  Alternative B had 
significant reductions for all size classes, from 18.7 percent for very fine 
sand to 28.6 percent reduction for fine sand, with an overall reduction of 
25.9 percent.  Alternative C had reductions for all size classes, from -3.6 
percent for very fine sand to 10.8 percent for medium sand. And an overall 
reduction in sediment supply of 10.7 percent. 

Sedimentation Volumes 

The results of all model simulations were analyzed to compute the total 
volume of erosion, deposition and net volume change in zones of sedimen-
tation throughout the system.  The zones of volumetric analysis for the ex-
isting conditions are presented in Figure 9-33.  The zones for Alternative A 
are presented in Figure 9-34.   A more detailed delineation of the zones in 
the brackish marsh are presented in Figure 9-35 for Alternative A.  The 
sedimentation volume zones for Alternatives B and C are presented in Fig-
ure 9-36 and Figure 9-37. 
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Results of the volumetric analysis for existing conditions with no armoring 
of the utility corridor are presented in Table 9-3 for the single flood event 
simulations.  Within each sedimentation zone the volumes of positive bed 
displacement (deposition, Vpos), negative displacement (erosion, Vneg) 
and the net volumetric change (Vnet) are presented. The table is organized 
into the reaches between the bridges; El Camino Real to Interstate 5 (ECR-
I5), Interstate 5 to Jimmy Durante Bridge (I5-JDB) and Jimmy Durante 
Bridge to the ocean (JDB-Ocean).   Within each reach wetland sub areas 
are delineated.  The river reach follows the main river channel, the South-
ern California Edison W4 marsh (SCE) is also summarized.  Each of the 
detailed zones are finally divided into the channel, the flanks of the chan-
nel and the overbank.  The total of those three zones is then reported for 
each wetland area.  

The results of the volumetric analysis for Alternative A with no armoring 
of the utility corridor for the single flood events are presented in Table 9-4.  
For Alternative A additional sub-areas are summarized for two areas of the 
brackish marsh (entrance and inner marsh) and the W19 wetland is sepa-
rated into an eastern and a western area (Figure 9-34 and Figure 9-35). 

The results for the existing conditions with armoring of the utility corridor 
for the single flood events are presented in Alternatives B and C volumetric 
analysis results are presented in Table 9-5.  The results for Alternatives a, 
B and C are presented in Table 9-6, Table 9-7 and Table 9-8, respectively 
for the cases with armoring of the utility corridor. 

A summary of the volumetric analysis for the 100-year series simulations 
for the existing conditions and Alternatives A, B and C with armoring of 
the utility corridor are summarized in Table 9-9. 

The summary of sedimentation between El Camino Real and Interstate 5 
for each single event and the 100-year series simulations is compared for 
the existing and each alternative graphically in Figure 9-38. 
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Maintenance of Entrance to Wetland 

For many of the simulations sediment deposits moved into the entrance to 
the W-19 wetland from the river.  These sediments where transport east-
ward into the wetland through a combination of backwater filling of the 
wetland as the flood levels rose in the river.  The only way to equilibrate 
the water levels early in the flood event is to flow from the river into the 
wetland.  Also as the flood levels were receding tidal currents can also 
move additional water and sediment eastward into the wetland. 

To evaluate the degree of the problem the deposition patterns were in-
spected for each of the three alternatives for the range of flood events sim-
ulated. The comparisons are presented in Figure 9-39, Figure 9-40 and 
Figure 9-41 for Alternatives A, B and C, respectively.  The peak deposits for 
each alternative and flood event simulation are summarized in Table 9-10.   

The drop in the deposits for Alternative B at the 50-year flood event is due 
to the overtopping of the berm at that flood level which diverts sufficient 
flow through the wetland and then out the mouth of the wetland to keep 
the deposits to a minimum.  Figure 9-42 presents the progression of the 
morphological response for Alternative B, from which the effects of the di-
version of flow can be visualized. 

The local prism of deposits within the mouth of the wetland was integrated 
to obtain a volume of the 100-year series deposition that would be subject 
to maintenance dredging.  The volume was computed as a function of the 
threshold depth of deposits that would trigger the need for dredging.   
Those calculations are presented in Figure 9-43.  These volumes serve only 
as an indicator for the dredging need, since dredging would be a short 
term response rather than to the long-term sediment delivery for the 100-
year series.  The volume of sediments for Alternative B are about a third of 
the volumes for Alternative A.  For Alternative B that does little to mitigate 
for the massive volumes of deposition within the wetland itself.  The vol-
umes of deposition in the entrance for Alternative C are approximately 10 
percent less than for Alternative A. 
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Hydrodynamic results 

Previous analysis of hydrodynamics within the system were performed by 
Chang (1998), and Chang (2004) and Dokken (2011).  Those studies used 
one-dimensional modeling techniques that required supplemental analysis 
of the exchange discharges with tidal storage off the main stem of the 
river.  The AdH model handles all tidal and unsteady storage over the 
model domain explicitly. 

Water Surface Elevation Profiles 

 
The effects of the wetland creation alternatives on flood levels is another 
primary criteria for acceptance.  The flood effects can best be evaluated by 
inspecting the longitudinal profiles of the maximum water surface eleva-
tions between the existing conditions and the various propose alternatives.  
These comparisons are presented in Figure 9-44 through Figure 9-47 for 
the 10-, 25-, 50-, and 100-year single flood events, respectively. 

The 10-year water surface elevation (Figure 9-44) profile shows that for all 
alternatives the flood levels are lower than the existing conditions 
throughout the model.  Within the reach of the project, between Interstate 
5 and El Camino Real Bridge Alternative C have the lowest water levels 
and Alternatives A and C are very close to one another which are between 
0.1to0.2 m lower than existing near the utility corridor. 

For the 25-year flood all alternatives are still lower than the existing condi-
tions throughout the water surface elevation profile (Figure 9-45).   The 
greatest differences among alternatives are located near the utility corri-
dor, with the Alternative A approximately 0.3 m lower than existing but 
0.2 m higher than Alternative B and 0.2 m higher than Alternative C. 

For the 50-year flood event (Figure 9-46) the differences between the Al-
ternatives and existing has expanded over a broader span of the longitudi-
nal profile up the river. Alternative A has the highest water level of the al-
ternatives over most of the system, but is lower than the existing profile 
throughout. 
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Alternative A for the 100-year event has a water surface profile that is very 
close to the existing but remains lower than the existing profile throughout 
the model.  Alternative B and C are as much as 0.2 m and 0.5 m lower than 
the existing.  

The effects of sea level rise on the maximum water surface elevation pro-
file are presented in Figure 9-48 for existing and Alternative A, which were 
the only alternatives simulated with sea level rise.   The Alternative A wa-
ter level profile remains lower than the existing profile for both the 1.5 ft 
and the 5.5 ft sea level rises.  The higher the water level the closer the Al-
ternative A profile is to the exiting profile. The upstream limit of the im-
pact of raising sea level for both the 1.5 ft rise and the 5.5 ft rise is approxi-
mately the El Camino Real Bridge, where no significant difference is seen.   
For an even greater sea level rise the upstream limit would shift farther 
upstream.    

Maximum Current Velocity  

The 100-year event maximum current velocity magnitudes have been con-
toured and compared between the alternatives.  The local velocities in the 
vicinity of the El Camino Real Bridge are presented in Figure 9-49.  The 
maximum current velocities at the El Camino Real Bridge are increased 
with all alternatives, but greatest for Alternative B.  Alternatives A and C 
are comparable for their slight increase in the maximum velocities.   The 
greater increase in velocities for Alternative B are due to the lowering of 
the maximum water surface elevation (Figure 9-49), and thereby the flow 
depth over the armored sill under the bridge. 

The local conditions in the vicinity of the Edison weir are presented in Fig-
ure 9-50.  The maximum velocities over the Edison weir were lowered for 
all alternatives compared to the existing.   Alternative A is closer to the ex-
isting, while alternative B has the lowest maximum velocities over the 
weir.  These velocity magnitudes are directly related to the lowering of the 
maximum water surface elevation in the river at the weir (Figure 9-47).    
Contrary to the conditions at El Camino Real Bridge where the same dis-
charge must pass through the section, at the Edison weir the lowering of 
the water level reduces the head over the weir and thereby reducing the 
flow discharge over the weir, resulting in lower velocities. 
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Conditions at the Interstate 5 Bridge for the 100-year flood event are 
shown in Figure 9-51.  The maximum velocities at the Interstate 5 Bridge 
are reduced for all alternatives.  There are no apparent critical velocity ar-
eas with the peak velocities confined to the middle of the cross section.  
The reduction in velocities at the section are related to the effects of the al-
ternatives on the timing of the movement of flood waters down the estu-
ary, with the alternatives storing flood waters within the wetland. 

Maximum velocities for the 100-year flood event near Jimmy Durante 
Bridge are presented in Figure 9-52.  The maximum velocities at Jimmy 
Durante Bridge are almost identical for all alternatives, including existing.  
Alternatives A and C have very slightly higher velocities at the armored 
area southeast of the southern bridge abutment.  All alternatives show 
high velocities at the eastern end of the northern bridge abutment. 

Areas needing protection 

Current velocities are only an indicator of the potential for adverse erosion 
at certain locations.  The most rigorous tool that we have for identification 
of potential erosion problems are the sediment transport erosion predic-
tions.   

El Camino Real Bridge 

The details of the erosion predicted in the vicinity of the El Camino Real 
Bridge for the 100-year series simulation are presented in Figure 9-53.  
There is significant erosion both east and west of the armored section at 
the bridge crossing for all alternatives, including the existing conditions.  
This erosion trend is associated with head cutting moving upstream for all 
alternatives.  The armoring under the El Camino Real Bridge could be in 
jeopardy of being undercut from either the upstream or downstream end.  
The current design of the armoring should be evaluated. 

The progressive erosion effects for the 10-, 25-, 50- and 100-year single 
flood events in the vicinity of the El Camino Real Bridge are presented in  
Figure 9-54 through Figure 9-57.  The localized erosion for the 10-year 
event is slightly greater and more localized for Alternatives A and C, while 
for existing and Alternative B the erosion is more distributed laterally in 
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the area just downstream of the bridge.  This is influenced by the presence 
of the freshwater marsh dike for Alternatives A and C. 

For the 25-year event (Figure 9-55) the erosion patterns for Alternatives A 
and C are still similar, with the largest erosion on the north side of the 
river channel just downstream of the bridge.  The existing has the greatest 
erosion on the south side of the river just below the bridge.  Alternative B 
erosion has features of all of the other alternatives, with erosion peaks on 
both the north and south side of the river. 

At the 50-year flood level the erosion features in the vicinity of the El 
Camino Real Bridge have begun to consolidate along the river channel.  All 
alternatives have the maximum erosion emanating from the downstream 
side of the southern abutment.  The greatest erosion is for the Alternative 
C and the least erosion for Alternative A, which is slightly greater than the 
existing erosion. 

For the 100-year flood event (Figure 9-57) the patterns seen in the 50-year 
flood event are amplified.  Maximum erosion is still focused downstream 
of the southern bridge abutment.  Alternative A is still the alternative with 
the smallest erosion, although slightly greater than the existing condition.   
Alternatives B and C both have significant erosion extending upstream 
form the bridge crossing. 

The erosion associated with a 100-year flood and a 1.5 ft sea level rise are 
presented in Figure 9-58.  The effects for a 5.5 ft sea level rise are shown in 
Figure 9-59.  The erosion at the El Camino Real Bridge for the 100-year 
flood event with a 1.5 foot sea level rise is reduced for both the existing and 
Alternative A compared with the results for no sea level rise (Figure 9-57).  
Alternative A still exhibits greater erosion adjacent the southern bridge 
abutment than for the existing.  

 For the 5.5 ft sea level rise and the 100-year flood event the existing condi-
tions shows an increase in erosion over that for the 1.5 ft sea level rise at 
the El Camino Real Bridge.   Alternative A, however, shows a slight de-
crease in the erosion, bringing the two into closer agreement. 
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Utility Corridor and Edison Weir 

Details of the erosion predicted in the vicinity of the utility corridor and 
Edison Weir are presented in Figure 9-60 for the 100-year series simula-
tion.  The morphological response in the vicinity of the utility corridor is 
very complex.  There are several features that are present in all alterna-
tives and some features unique to specific alternatives.  The existing condi-
tion shows a significant bifurcation just downstream of the utility corridor.  
The main river channel has migrated northward and eroded behind   the 
extended bank armoring that had no protection behind it.  There is also 
erosion upstream of the utility corridor.   The erosion patterns for Alterna-
tive A are very similar to existing, but with greater channel shifting to the 
southern path of the bifurcation.  The erosion behind the bank armoring is 
present but of lesser severity than the existing.  The strength of the bifur-
cation downstream of the utility corridor is less for Alternative B due to 
the diversion of flow into the W-19 wetland through the incised channel 
southward.  The erosion patterns for Alternative C exhibits the northward 
channel migration, bifurcation and erosion behind the bank armoring. 

The erosion for the 10-, 25-, 50- and 100-year flood events are presented 
in Figure 9-61 through Figure 9-64 for the vicinity of the utility corridor 
and Edison Weir.  The progression of erosion response in the vicinity of 
the utility corridor with increasing river discharge is similar until the flows 
expand into the flood plain.  For the 20-year event erosion is limited to 
very near the river thalweg.  For the 25-year event the existing conditions 
exhibits greater erosion than any alternative. 

Alternative C for the 50-year flood gets some relief from local erosion 
through the conveyance of flow through the along-river wetland.   Alterna-
tive B also exhibits some reduction in erosion along the main river chan-
nel, while Alternative A behaves very similar to the existing. 

AT the 100-year flood event level the general patterns are similar between 
alternatives.  Each shows erosion along the north shore of the river chan-
nel as it migrates northward and the incising of another flow path to the 
south.  The complexity of the differences between alternatives is much less 
for the 100-year event than for the 100-year series, which accumulates the 
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impacts from each individual event in the series without resetting the ba-
thymetry prior to each event. 

The erosion associated with 1.5 ft and 5.5ft of sea level rise are shown in 
Figure 9-65 and Figure 9-66, respectively.  It is interesting that the erosion 
response in the vicinity of the utility corridor to sea level rise exhibits two 
conflicting processes.  With the 1.5 ft sea level rise the degree of incising of 
the bifurcation channel to the south increases, particularly for Alternative 
A. However, with the 5.5 ft sea level rise the conveyance down the main 
river channel is sufficient that no bifurcation pressure exists. 

Interstate 5 Bridge 

Figure 9-67 presents the erosion associated with the 100-year series simu-
lation near the Interstate 5 Bridge.   The 10-, 25-, 50- and 100-year erosion 
patterns near the Interstate 5 Bridge are presented in Figure 9-68 through 
Figure 9-71.  The effects of sea level rise are shown in Figure 9-72 and Fig-
ure 9-73 for the 100-year flood event near the Interstate 5 Bridge. 

The erosion patterns at the Interstate 5 Bridge are very similar for all alter-
natives for all alternatives for all testing.  Alternative A is closest to the ex-
isting for most of the flood events and the 100-year series simulation.   
Both the existing and Alternative A show reduced erosion at the Interstate 
5 Bridge with progressive sea level rise. 

Jimmy Durante Bridge 

Details of the erosion predicted in the vicinity of the Jimmy Durante 
Bridge are presented in Figure 9-74 for the 100-year series simulation.  All 
alternatives are exhibiting the same erosion patterns.  Of particular inter-
est are the evidence of erosion behind the bank protection on both the 
north and south shores upstream of the bridge. 

The erosion for the 10-, 25-, 50- and 100-year flood events are presented 
in Figure 9-75 through Figure 9-78 for the vicinity of the utility corridor 
and Edison Weir.  At the 10- and 25-year flood levels the erosion is aligned 
the same for all alternatives along the thalweg of the current river channel.  
At the 50-year flood level the design alternatives are showing erosion to 
the north as a cut-off channel is emerging.  AT the 100-yeaar flood level all 
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alternative show the cut-off channel.  At the lower flood levels the flow is 
confined to the main channel and the secondary current effects of erosion 
on the outside of a bend are significant.  At higher flood levels the entire 
system is inundated and formation of the cut-off channel results based on 
an advantageous hydraulic gradient 

The erosion associated with 1.5 ft and 5.5ft of sea level rise are shown in 
Figure 9-79 and Figure 9-80, respectively.  At the 1.5 ft sea level rise there 
is little difference in the existing and Alternative A or with the results with-
out sea level rise.  At the 5.5 ft sea level rise both the existing and Alterna-
tive A show reduced erosion 

River Mouth 

Erosion in the lower end of the river near the mouth are shown in Figure 
9-81 for the 100-year series simulation for each of the alternatives.  Ero-
sion for the 10-, 25-, 50- and 100-year flood events are presented in Figure 
9-82 through Figure 9-85, respectively.  The effects of sea level rise s of 1.5 
ft and 5.5 ft are presented in Figure 9-86 and Figure 9-87, respectively.  
The behavior in the lower end of the system is essentially the same for all 
alternatives 

Summary of Final Screening 

The final three alternatives tested lead to the consensus that Alternative C was 
the preferred alternative. 
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Table 9-1  Sediment Delivery to Jimmy Durante Bridge (1000s cubic yards) 

Event 

Existing Alt A Alt B Alt C 

K CY K CY 
% 

Change 
K CY 

% 
Change 

K CY 
% 

Change 

10 year 25.0 23.2 -7.2 20.0 -20.0 22.4 -10.4 

25 year 142.2 126.9 -10.8 101.0 -29.0 121.8 -14.3 

50 year 320.7 312.0 -2.7 257.8 -19.6 297.5 -7.2 

100 year 407.3 432.9 +6.3 369.9 -9.2 420.4 +3.2 

100 year - 
SL1 

427.0 448.4 +5.0 * * * * 

100 year - 
SL2 

303.4 300.8 -0.9 * * * * 

100-year 
Series 

990.1 915.0 -7.6 733.9 -25.9 889.1 -10.2 

 

  



ERDC/LAB TR-0X-X 240 

 

Table 9-2  Sediment delivery (1000s cubic yards) to Jimmy Durante Bridge for the 100-year 
series simulation by size class  

Size Class 

Alternative 

Exist-
ing Alt A Alt B Alt C 

K CY K CY % 
Change K CY % 

Change K CY % 
Change 

Very Fine 
Sand 
(VFS) 

16.6 16.6 0.0 13.5 -18.7 16.0 -3.6 

Fine Sand 
(FS) 

189.7 182.5 -3.8 135.5 -28.6 171.4 -9.6 

Medium 
Sand (MS) 

639.0 584.9 -8.5 473.0 -26.0 570.1 -10.8 

Coarse 
Sand (CS) 

136.6 123.5 -9.5 105.6 -22.7 124.2 -9.1 

Very 
Coarse 
Sand 
(VCS) 

8.2 7.4 -9.6 6.3 -23.2 7.5 -8.5 

Total 990.1 915.0 -7.6 733.9 -25.9 889.1 -10.2 

 

 
 
 



ERDC/LAB TR-0X-X 241 

 

Table 9-3  Volumes of bed displacement for existing conditions with no armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 

Channel 30,375 -26,245 4,130 67,304 -45,345 21,959 82,977 -51,386 31,592 117,703 -48,344 69,358 

Flanks 18,477 -9,131 9,346 38,569 -58,594 -20,026 42,332 -88,079 -45,746 103,232 -107,720 -4,489 

Overbank 2,670 -1,651 1,018 28,295 -22,665 5,631 99,929 -65,555 34,374 212,361 -207,277 5,082 

total 51,521 -37,028 14,493 134,168 -126,604 7,564 225,239 -205,019 20,220 433,295 -363,342 69,952 

SCE  

Channel 981 0 981 1,467 -1 1,466 2,858 -1 2,857 3,370 -3 3,367 

Flanks 180 0 180 696 0 696 2,157 0 2,157 2,924 0 2,924 

Overbank 2 -1 1 59 0 59 250 -2 248 325 -155 170 

total 1,163 -1 1,162 2,222 -1 2,221 5,265 -3 5,262 6,619 -158 6,461 

I5 to JDB River 

Channel 10,288 -19,024 -8,737 26,800 -81,452 -54,653 39,242 -105,786 -66,545 51,550 -107,509 -55,959 

Flanks 1,438 -146 1,292 16,713 -11,893 4,820 29,686 -34,241 -4,553 69,263 -47,058 22,208 

Overbank 48 -8 41 2,775 -3,115 -340 12,843 -35,837 -22,995 44,307 -94,454 -50,148 

total 11,774 -19,178 -7,404 46,287 -96,460 -50,173 81,772 -175,864 -94,093 165,120 -249,021 -83,900 

JDB to 
Ocean River 

Channel 14,741 -57,566 -42,824 28,854 -122,373 -93,519 16,325 -171,998 -155,673 28,804 -187,239 -158,436 

Flanks 1,959 -911 1,048 7,524 -5,593 1,931 18,773 -21,658 -2,885 31,739 -54,886 -23,148 

Overbank 2 -20 -18 33 -16 18 2,229 -74 2,155 7,069 -7,200 -131 

total 16,702 -58,497 -41,795 36,411 -127,982 -91,570 37,327 -193,730 -156,403 67,611 -249,325 -181,715 
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Table 9-4  Volumes of bed displacement for Alternative A with no armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 
Channel 32,261 -25,924 6,337 44,879 -38,377 6,502 88,838 -51,689 37,149 99,062 -52,963 46,099 
Flanks 21,216 -14,363 6,852 31,809 -37,589 -5,779 74,787 -108,167 -33,380 92,047 -127,664 -35,617 
Overbank 9,759 -8,401 1,358 33,387 -16,363 17,024 108,423 -90,773 17,650 161,697 -142,595 19,103 
total 63,235 -48,688 14,547 110,075 -92,329 17,746 272,049 -250,630 21,418 352,807 -323,223 29,585 

SCE  
Channel 617 -1 616 1,535 -2 1,532 2,502 0 2,501 2,903 -5 2,898 
Flanks 75 0 75 916 0 916 1,705 0 1,705 2,008 0 2,008 
Overbank 1 -1 0 61 0 61 176 -1 174 172 -21 151 
total 692 -2 690 2,512 -3 2,510 4,382 -2 4,380 5,083 -26 5,057 

Brackish 
entrance 

Channel 131 -5 126 766 -27 739 1,977 -178 1,799 2,034 -197 1,837 
Flanks 198 -75 123 1,445 -42 1,403 4,333 -544 3,789 4,485 -521 3,964 
Overbank 502 -489 13 4,014 -418 3,596 15,920 -2,503 13,416 10,788 -3,497 7,291 
total 831 -569 262 6,226 -488 5,738 22,229 -3,225 19,004 17,307 -4,215 13,092 

Brackish 
Marsh 
inner 

Channel 2 0 1 12 -3 9 571 -7 563 2,510 -9 2,501 
Flanks 5 0 5 29 0 29 1,320 0 1,320 4,948 0 4,948 
Overbank 57 0 57 281 0 281 6,567 0 6,567 20,080 -25 20,055 
total 64 0 63 322 -3 319 8,458 -7 8,451 27,538 -34 27,504 

W19 
Wetland 
East  

Channel 1 0 1 24 0 24 678 0 678 5,331 0 5,331 
Flanks 0 0 0 20 0 20 3,630 0 3,630 23,270 -3 23,268 
Overbank 0 0 0 0 0 0 402 -4 398 1,432 -96 1,337 
total 2 0 2 44 0 44 4,710 -4 4,706 30,034 -98 29,935 

W19 
Wetland 
West  

Channel 178 -3 175 712 0 712 1,054 0 1,054 1,067 -8 1,059 
Flanks 68 -6 62 516 -9 507 613 -26 587 551 -165 386 
Overbank 0 0 0 9 0 9 13 -1 12 14 -29 -15 
total 246 -8 237 1,237 -9 1,228 1,679 -27 1,652 1,632 -202 1,430 
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Table 9-4 Volumes of bed displacement for Alternative A with no armoring of the utility corridor in cubic yards (concluded) 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

I5 to 
JDB River 

Channel 11,059 -22,643 -11,584 18,702 -79,972 -61,270 39,358 -121,512 -82,155 38,893 -125,322 -86,429 

Flanks 1,568 -166 1,402 11,416 -8,023 3,393 44,280 -36,282 7,999 53,308 -46,211 7,097 

Overbank 40 -20 20 2,110 -1,991 120 13,306 -53,167 -39,861 23,175 -96,011 -72,836 

total 12,668 -22,829 -10,162 32,228 -89,986 -57,758 96,944 -210,961 -114,017 115,376 -267,543 -152,168 

JDB to 
Ocean river 

Channel 1,412 -46,975 -45,563 4,531 -98,919 -94,388 9,888 -144,064 -134,176 10,793 -151,951 -141,158 

Flanks 1,788 -1,587 200 5,821 -6,830 -1,009 14,044 -34,939 -20,895 22,981 -57,139 -34,159 

Overbank 2 -51 -49 16 -55 -38 377 -178 199 3,537 -2,784 753 

total 3,202 -48,613 -45,411 10,368 -105,803 -95,436 24,309 -179,180 -154,871 37,310 -211,874 -174,564 
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Table 9-5  Volumes of bed displacement for existing conditions with armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 

Channel 33,375 -32,835 540 62,410 -50,126 12,284 79,369 -58,868 20,501 91,362 -51,911 39,451 

Flanks 20,335 -11,853 8,481 35,468 -58,226 -22,758 40,979 -90,494 -49,514 47,979 -112,114 -64,135 

Overbank 3,550 -2,597 952 25,534 -21,492 4,042 95,509 -67,900 27,609 138,940 -119,734 19,207 

total 57,259 -47,285 9,974 123,412 -129,845 -6,432 215,857 -217,262 -1,404 278,282 -283,759 -5,477 

SCE  

Channel 659 0 659 1,376 -3 1,373 2,853 -1 2,852 3,606 0 3,606 

Flanks 83 0 83 681 0 681 2,231 0 2,231 3,317 0 3,317 

Overbank 1 -1 0 62 0 62 268 -4 264 306 -14 292 

total 744 -2 742 2,120 -3 2,116 5,352 -5 5,347 7,229 -14 7,215 

I5 to JDB River 

Channel 11,436 -24,035 -12,600 25,660 -90,454 -64,796 36,080 -110,029 -73,952 41,466 -106,005 -64,540 

Flanks 1,441 -181 1,260 14,839 -11,702 3,137 26,107 -42,473 -16,366 35,476 -43,029 -7,552 

Overbank 48 -16 33 2,714 -2,653 61 13,008 -43,662 -30,654 20,601 -77,512 -56,913 

total 12,925 -24,232 -11,307 43,213 -104,809 -61,597 75,195 -196,164 -120,972 97,543 -226,547 -129,006 

JDB to 
Ocean River 

Channel 10,289 -64,144 -53,855 23,160 -127,791 -104,632 18,572 -173,178 -154,605 20,331 -186,570 -166,239 

Flanks 2,274 -1,061 1,213 6,877 -5,395 1,482 20,572 -25,030 -4,458 28,811 -36,356 -7,546 

Overbank 2 -33 -31 27 -30 -3 2,709 -195 2,514 5,318 -732 4,587 

total 12,566 -65,238 -52,672 30,064 -133,217 -103,153 41,853 -198,402 -156,549 54,460 -223,658 -169,198 
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Table 9-6  Volumes of bed displacement for Alternative A with armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 
Channel 28,549 -25,453 3,096 56,208 -40,412 15,796 95,405 -49,558 45,847 100,178 -51,074 49,104 
Flanks 18,859 -12,246 6,613 40,944 -50,987 -10,044 75,488 -109,204 -33,717 83,229 -121,030 -37,801 
Overbank 9,123 -7,183 1,940 39,143 -24,806 14,338 100,170 -93,720 6,452 119,226 -124,646 -5,420 
total 56,532 -44,882 11,649 136,295 -116,205 20,090 271,064 -252,482 18,582 302,633 -296,750 5,884 

SCE  
Channel 595 -2 592 1,266 -4 1,262 2,039 -5 2,034 2,854 -1 2,853 
Flanks 66 0 65 586 0 586 900 0 900 1,995 0 1,995 
Overbank 0 -1 0 40 0 39 147 -2 145 195 -21 174 
total 661 -3 658 1,891 -4 1,887 3,086 -7 3,079 5,043 -22 5,021 

Brackish 
entrance 

Channel 144 0 144 794 -26 767 1,915 -107 1,807 1,806 -89 1,717 
Flanks 195 -59 136 1,516 -112 1,404 4,201 -564 3,637 3,691 -437 3,255 
Overbank 461 -540 -79 4,741 -924 3,818 16,324 -2,668 13,656 7,874 -2,707 5,166 
total 801 -599 202 7,051 -1,062 5,989 22,440 -3,340 19,100 13,371 -3,234 10,138 

Brackish 
Marsh 
inner 

Channel 2 0 2 5 -2 4 423 -4 419 1,715 -4 1,711 
Flanks 3 0 3 17 0 17 1,034 0 1,034 3,527 0 3,527 
Overbank 47 0 47 276 0 276 6,028 -4 6,024 15,557 -6 15,552 
total 53 0 53 298 -2 296 7,485 -7 7,478 20,799 -10 20,790 

W19 
Wetland 
East  

Channel 1 0 1 9 0 9 400 0 400 2,725 0 2,725 
Flanks 18 -6 13 9 0 9 2,216 0 2,216 12,575 0 12,575 
Overbank 13 -28 -15 0 0 0 240 0 240 1,166 -40 1,125 
total 33 -34 -1 19 0 19 2,857 0 2,857 16,465 -41 16,424 

W19 
Wetland 
West  

Channel 166 -5 160 680 0 680 1,087 0 1,087 1,176 -2 1,174 
Flanks 61 -8 53 404 -16 388 550 -23 527 557 -46 511 
Overbank 0 0 0 7 0 7 12 -1 11 12 -16 -4 
total 226 -13 213 1,091 -16 1,075 1,649 -24 1,626 1,745 -64 1,681 
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Table 9-6  Volumes of bed displacement for Alternative A with armoring of the utility corridor in cubic yards (concluded) 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

I5 to 
JDB River 

Channel 11,334 -23,737 -12,403 24,520 -89,408 -64,889 41,041 -122,220 -81,180 39,641 -120,387 -80,747 
Flanks 1,654 -147 1,507 15,799 -9,325 6,474 45,611 -36,198 9,414 49,830 -42,708 7,124 
Overbank 48 -22 26 2,516 -5,446 -2,930 13,750 -55,223 -41,474 22,397 -91,257 -68,861 
total 13,036 -23,906 -10,870 42,835 -104,179 -61,344 100,402 -213,641 -113,240 111,867 -254,351 -142,483 

JDB to 
Ocean river 

Channel 1,726 -47,362 -45,636 7,398 -99,143 -91,745 11,692 -140,139 -128,447 11,270 -148,792 -137,522 
Flanks 1,932 -1,859 73 6,027 -11,321 -5,294 15,344 -36,215 -20,871 24,579 -51,711 -27,132 
Overbank 3 -33 -30 26 -38 -12 461 -239 223 4,077 -1,945 2,132 
total 3,661 -49,254 -45,593 13,452 -110,502 -97,051 27,497 -176,593 -149,096 39,925 -202,448 -162,523 
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Table 9-7  Volumes of bed displacement for Alternative B with armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 
Channel 19,462 -21,043 -1,581 52,334 -43,951 8,383 77,314 -52,332 24,982 86,828 -63,170 23,658 
Flanks 13,506 -5,551 7,955 50,941 -49,281 1,660 74,884 -79,485 -4,601 101,902 -103,726 -1,823 
Overbank 7,485 -5,771 1,715 53,644 -30,171 23,473 105,827 -62,354 43,473 156,149 -119,334 36,815 
total 40,453 -32,364 8,089 156,919 -123,403 33,516 258,025 -194,171 63,854 344,879 -286,230 58,650 

SCE  
Channel 714 -1 713 1,096 -2 1,094 2,369 -2 2,367 3,376 -8 3,368 
Flanks 122 0 122 455 0 455 1,340 -1 1,340 1,756 -9 1,746 
Overbank 1 -1 0 25 -1 24 191 -6 186 226 -82 143 
total 837 -2 835 1,576 -2 1,573 3,901 -8 3,893 5,357 -99 5,258 

Brackish 
entrance 

Channel 75 0 75 430 -29 400 1,658 -168 1,490 2,469 -136 2,333 
Flanks 88 -48 40 583 -460 123 3,343 -483 2,860 5,466 -185 5,281 
Overbank 345 -422 -77 1,395 -3,077 -1,682 13,823 -1,523 12,300 17,680 -782 16,898 
total 509 -470 39 2,408 -3,567 -1,159 18,824 -2,174 16,650 25,616 -1,104 24,512 

Brackish 
Marsh 
inner 

Channel 21 0 21 703 -3 700 3,463 -12 3,451 4,857 -18 4,839 
Flanks 42 0 42 1,499 -14 1,485 7,074 0 7,074 9,920 0 9,920 
Overbank 355 -1 354 14,263 -200 14,063 33,289 -49 33,239 47,422 0 47,422 
total 419 -1 418 16,465 -218 16,248 43,826 -61 43,764 62,199 -18 62,181 

W19 
Wetland 
East  

Channel 4 0 4 22 0 22 5,934 -33 5,900 24,154 -791 23,363 
Flanks 2 0 2 0 0 0 28,409 -1,230 27,179 85,811 -5,361 80,450 
Overbank 0 0 0 22 -72 -49 3,556 -1,602 1,954 9,409 -3,908 5,502 
total 6 0 6 45 -72 -27 37,898 -2,865 35,033 119,375 -10,059 109,315 

W19 
Wetland 
West  

Channel 192 -1 191 386 -2 384 310 -373 -63 431 -1,582 -1,151 
Flanks 88 -3 85 158 -37 121 548 -1,209 -661 1,199 -4,269 -3,070 
Overbank 0 0 0 1 0 1 61 -297 -235 133 -1,038 -905 
total 280 -4 277 544 -39 505 920 -1,879 -959 1,763 -6,889 -5,127 
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Table 9-7  Volumes of bed displacement for Alternative B with armoring of the utility corridor in cubic yards (concluded) 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

I5 to 
JDB River 

Channel 8,155 -17,612 -9,457 26,219 -78,146 -51,928 26,956 -117,535 -90,580 29,011 -137,741 -108,732 
Flanks 1,048 -128 920 19,995 -8,893 11,102 30,721 -35,514 -4,792 45,188 -34,727 10,464 
Overbank 40 -16 24 3,537 -5,393 -1,857 8,968 -45,365 -36,397 18,370 -88,601 -70,233 
total 9,243 -17,756 -8,513 49,750 -92,432 -42,682 66,644 -198,414 -131,770 92,569 -261,069 -168,501 

JDB to 
Ocean river 

Channel 1,190 -44,467 -43,276 6,806 -102,441 -95,635 10,110 -139,224 -129,114 12,393 -153,953 -141,560 
Flanks 1,810 -1,197 613 8,247 -10,303 -2,057 17,272 -24,313 -7,040 27,287 -45,076 -17,789 
Overbank 3 -24 -20 80 -23 57 1,229 -71 1,158 3,196 -1,618 1,578 
total 3,004 -45,687 -42,684 15,132 -112,767 -97,635 28,611 -163,607 -134,996 42,875 -200,647 -157,772 
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Table 9-8  Volumes of bed displacement for Alternative C with armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 
Channel 28,339 -30,624 -2,285 44,219 -54,601 -10,383 84,823 -69,132 15,691 111,602 -59,223 52,379 
Flanks 14,775 -8,991 5,784 26,261 -37,180 -10,919 51,353 -81,387 -30,034 71,926 -110,486 -38,559 
Overbank 6,977 -2,235 4,742 26,735 -11,950 14,785 57,489 -73,600 -16,111 75,154 -106,120 -30,967 
total 50,091 -41,850 8,241 97,214 -103,731 -6,516 193,666 -224,119 -30,454 258,682 -275,829 -17,147 

SCE  
Channel 569 -2 568 1,284 -2 1,282 2,376 -4 2,372 3,054 -3 3,050 
Flanks 40 0 40 533 0 533 1,043 0 1,043 1,821 0 1,821 
Overbank 0 -1 -1 40 0 40 158 -1 157 221 -10 211 
total 610 -2 607 1,857 -2 1,854 3,577 -5 3,572 5,095 -13 5,082 

Brackish 
entrance 

Channel 151 0 150 756 -82 674 1,810 -127 1,683 1,472 -42 1,430 
Flanks 202 -76 126 1,404 -289 1,115 3,928 -826 3,102 2,761 -597 2,164 
Overbank 455 -540 -85 4,498 -1,194 3,303 15,479 -3,892 11,587 5,550 -6,017 -467 
total 808 -617 191 6,659 -1,566 5,093 21,216 -4,845 16,371 9,783 -6,657 3,127 

Brackish 
Marsh 
inner 

Channel 1 0 1 6 0 6 208 0 208 1,470 0 1,470 
Flanks 3 0 3 17 0 17 568 0 568 3,083 0 3,083 
Overbank 50 0 50 223 0 223 3,765 0 3,765 13,465 0 13,465 
total 54 0 54 247 0 247 4,541 0 4,541 18,019 0 18,019 

W19 
Wetland 
East  

Channel 1 0 1 5 0 5 72 0 72 682 0 682 
Flanks 0 0 0 4 0 4 632 0 632 8,083 0 8,083 
Overbank 0 0 0 0 0 0 76 0 76 1,309 0 1,309 
total 1 0 1 9 0 9 780 0 780 10,075 0 10,075 

W19 
Wetland 
West  

Channel 64 -1 63 248 0 248 692 0 692 831 0 831 
Flanks 73 -53 20 463 -36 427 1,303 -10 1,293 1,462 -14 1,448 
Overbank 0 0 0 2 0 2 7 0 7 8 -1 7 
total 137 -54 83 712 -36 676 2,001 -10 1,991 2,301 -15 2,286 
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Table 9-8  Volumes of bed displacement for Alternative C with armoring of the utility corridor in cubic yards (concluded) 

Bridge 
Reach Wetland Zone 

10-year Flood 25-year Flood 50-year Flood 100-year Flood 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 On-river 
wetland 

Channel 829 -128 701 13,919 -349 13,570 40,023 -701 39,322 43,686 -944 42,743 
Flanks 3,423 -344 3,079 32,539 -830 31,709 100,610 -6,775 93,835 119,741 -8,091 111,650 
Overbank 1,627 -266 1,362 6,110 -1,319 4,791 14,871 -4,878 9,993 18,101 -6,839 11,262 
total 5,880 -737 5,142 52,568 -2,498 50,069 155,504 -12,354 143,149 181,529 -15,873 165,655 

I5 to 
JDB River 

Channel 11,611 -23,739 -12,128 22,732 -88,819 -66,088 36,219 -135,099 -98,882 33,380 -130,165 -96,786 
Flanks 1,585 -151 1,434 15,036 -10,021 5,016 46,539 -37,836 8,705 51,835 -44,608 7,229 
Overbank 44 -22 23 2,436 -5,191 -2,755 14,491 -53,139 -38,648 23,092 -93,821 -70,730 
total 13,240 -23,911 -10,671 40,204 -104,030 -63,827 97,249 -226,073 -128,825 108,306 -268,594 -160,287 

JDB to 
Ocean river 

Channel 8,233 -54,148 -45,915 19,767 -109,302 -89,536 22,109 -166,994 -144,885 24,108 -170,729 -146,621 
Flanks 2,065 -2,103 -38 6,998 -11,838 -4,840 15,514 -40,445 -24,931 25,048 -54,999 -29,951 
Overbank 3 -33 -31 33 -25 8 249 -170 79 2,640 -2,122 517 
total 10,300 -56,284 -45,983 26,798 -121,165 -94,368 37,872 -207,609 -169,736 51,796 -227,851 -176,055 
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Table 9-9  Volumes of bed displacement for 100-year series with armoring of the utility corridor in cubic yards 

Bridge 
Reach Wetland Zone 

Existing Alternative A Alternative B Alternative C 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 

River 
Channel 136,347 -76,049 60,298 144,322 -61,906 82,416 102,991 -84,136 18,855 133,293 -112,369 20,924 
Flanks 98,802 -159,465 -60,663 133,693 -183,565 -49,871 136,124 -147,769 -11,644 122,680 -166,655 -43,976 
Overbank 186,216 -312,037 -125,820 135,072 -269,040 -133,968 150,773 -187,209 -36,436 63,909 -169,650 -105,742 
total 421,365 -547,551 -126,185 413,087 -514,511 -101,422 389,888 -419,114 -29,226 319,881 -448,675 -128,795 

SCE  
Channel 9,527 -50 9,477 7,467 0 7,467 9,100 -9 9,090 9,888 -26 9,862 
Flanks 8,426 -328 8,097 3,786 0 3,786 6,748 0 6,748 7,793 0 7,793 
Overbank 1,229 -838 392 610 -8 603 410 -21 389 608 -2 606 
total 19,182 -1,216 17,966 11,863 -8 11,855 16,258 -31 16,227 18,288 -27 18,261 

Brackish 
entrance 

Channel n/a n/a n/a 1,668 -485 1,184 1,775 -389 1,386 946 -284 663 
Flanks n/a n/a n/a 3,466 -1,902 1,564 3,395 -1,246 2,149 1,546 -2,103 -557 
Overbank n/a n/a n/a 7,547 -15,930 -8,382 9,085 -5,285 3,799 4,254 -23,271 -19,017 
total n/a n/a n/a 12,682 -18,316 -5,635 14,254 -6,920 7,334 6,747 -25,658 -18,911 

Brackish 
Marsh 
inner 

Channel n/a n/a n/a 2,095 -7 2,087 3,475 -23 3,452 1,437 0 1,437 
Flanks n/a n/a n/a 4,325 0 4,325 7,199 0 7,199 3,132 0 3,132 
Overbank n/a n/a n/a 17,545 0 17,545 38,098 -66 38,033 12,576 0 12,576 
total n/a n/a n/a 23,965 -7 23,957 48,772 -89 48,683 17,144 0 17,144 

W19 
Wetland 
East  

Channel n/a n/a n/a 2,353 0 2,353 57,238 -757 56,480 568 0 568 
Flanks n/a n/a n/a 8,774 0 8,774 157,488 -21,414 136,073 3,629 0 3,629 
Overbank n/a n/a n/a 833 0 833 7,889 -8,862 -973 482 0 482 
total n/a n/a n/a 11,960 0 11,960 222,615 -31,034 191,580 4,679 0 4,679 

W19 
Wetland 
West  

Channel n/a n/a n/a 9,383 0 9,383 454 -3,672 -3,218 3,739 0 3,739 
Flanks n/a n/a n/a 4,998 -21 4,977 2,583 -7,399 -4,816 6,727 0 6,727 
Overbank n/a n/a n/a 29 -16 13 187 -1,124 -937 19 0 18 
total n/a n/a n/a 14,410 -37 14,373 3,224 -12,195 -8,971 10,485 0 10,484 
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Table 9-9  Volumes of bed displacement for 100-year series with armoring of the utility corridor in cubic yards (concluded) 

Bridge 
Reach Wetland Zone 

Existing Alternative A Alternative B Alternative C 

Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet Vpos Vneg Vnet 

ECR-I5 On-river
wetland 

Channel n/a n/a n/a n/a n/a n/a n/a n/a n/a 61,716 -3,989 57,728

Flanks n/a n/a n/a n/a n/a n/a n/a n/a n/a 168,050 -21,852 146,198

Overbank n/a n/a n/a n/a n/a n/a n/a n/a n/a 13,442 -17,013 -3,571

total n/a n/a n/a n/a n/a n/a n/a n/a n/a 243,208 -42,854 200,354

I5 to 
JDB River

Channel 68,972 -141,125 -72,153 78,269 -138,635 -60,366 43,081 -178,299 -135,220 58,733 -159,121 -100,389

Flanks 61,315 -84,972 -23,656 62,594 -83,073 -20,477 45,936 -62,527 -16,590 58,380 -78,058 -19,676

Overbank 32,521 -100,098 -67,578 36,336 -96,504 -60,170 17,189 -87,722 -70,535 28,076 -100,504 -72,428

total 162,808 -326,195 -163,387 177,199 -318,212 -141,013 106,205 -328,548 -222,345 145,189 -337,683 -192,493

JDB to 
Ocean river

Channel 25,474 -207,239 -181,764 15,637 -153,054 -137,417 9,516 -161,373 -151,857 32,160 -174,201 -142,041

Flanks 27,540 -46,033 -18,493 28,981 -50,884 -21,904 27,783 -43,779 -15,997 26,132 -58,815 -32,682

Overbank 2,216 -1,498 717 2,998 -2,332 666 2,878 -1,778 1,100 1,633 -3,530 -1,898

total 55,229 -254,770 -199,540 47,616 -206,270 -158,655 40,177 -206,930 -166,753 59,925 -236,546 -176,621
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Table 9-10  Peak depth of deposits (m) at the mouth of the W-19 wetland 

Simulation 
Alternative 

A B C 

10-year 0.3 0.25 0.1 

25-year 1.4 1.1 0.9 

50-year 2.3 2.0 2.4 

100-year 2.7 1.6 2.6 

100-year series 3.3 2.2 3.2 

Figure 9-1  Bathymetry for existing conditions. 
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Figure 9-2.  Bathymetry for Alternative A 

Figure 9-3.  Bathymetry for Alternative B 
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Figure 9-4.  Bathymetry for Alternative C 

Figure 9-5   Armoring of alternatives in the vicinity of the proposed wetland showing upper 
super-tidal, lower intertidal and buried armoring 
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Figure 9-6  Armoring in the downstream portion of the system 

Figure 9-7  Bed displacement for Existing conditions for the 10-year flood event 
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Figure 9-8  Bed displacement for Existing conditions for the 25-year flood event 

Figure 9-9  Bed displacement for Existing conditions for the 50-year flood event 
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Figure 9-10  Bed displacement for Existing conditions for the 100-year flood event 

Figure 9-11  Bed displacement for Existing conditions for the 100-year series simulation 
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Figure 9-12  Bed displacement for Existing conditions for the 100-year flood event with a 1.5 
ft sea level rise 

Figure 9-13  Bed displacement for Existing conditions for the 100-year flood event with a 5.5 
ft sea level rise 
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Figure 9-14  Bed displacement for Alternative A for the 10-year flood event 

Figure 9-15  Bed displacement for Alternative A for the 25-year flood event 
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Figure 9-16  Bed displacement for Alternative A for the 50-year flood event 

Figure 9-17  Bed displacement for Alternative A for the 100-year flood event 
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Figure 9-18  Bed displacement for Alternative A for the 100-year flood series event 

Figure 9-19  Bed displacement for Alternative A for the 100-year flood event with a 1.5 ft sea 
level rise 
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Figure 9-20  Bed displacement for Alternative A for the 100-year flood event with a 5.5 ft sea 
level rise 

Figure 9-21  Bed displacement for Alternative B for the 10-year flood event 
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Figure 9-22  Bed displacement for Alternative B for the 25-year flood event 

Figure 9-23  Bed displacement for Alternative B for the 50-year flood event 
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Figure 9-24  Bed displacement for Alternative B for the 100-year flood event 

Figure 9-25  Bed displacement for Alternative B for the 100-year flood series 
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Figure 9-26  Bed displacement for Alternative C for the 10-year flood event 

Figure 9-27  Bed displacement for Alternative C for the 25-year flood event 
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Figure 9-28  Bed displacement for Alternative C for the 50-year flood event 

Figure 9-29  Bed displacement for Alternative C for the 100-year flood event 
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Figure 9-30  Bed displacement for Alternative C for the 100-year flood series 
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Figure 9-31  Comparison of sediment delivery to Jimmy Durante Bridge for each alternative 
simulation 
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Figure 9-32  Comparison of sediment delivery to Jimmy Durante Bridge for the 100-year 
series simulation with breakdown by sediment class 
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Figure 9-33  Sedimentation volume zones for Existing Conditions 

Figure 9-34  Sedimentation volume zones for Alternative A 
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Figure 9-35  Details of sedimentation volume zones for Alternative A 
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Figure 9-36  Sedimentation volume zones for Alternative B 

 

Figure 9-37  Sedimentation volume zones for Alternative C 
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Figure 9-38  Summary of sedimentation between El Camino Real and Interstate 5 for each 
single event and the 100-year series simulations 
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Figure 9-39  Depth of deposits for Alternative A at the downstream end of the W-19 wetland 
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Figure 9-40  Depth of deposits for Alternative B at the downstream end of the W-19 wetland 
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Figure 9-41  Depth of deposits for Alternative C at the downstream end of the W-19 wetland 
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Figure 9-42 Effects of berm overflow at higher return period floods for Alternative B 
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Figure 9-43  Maintenance volumes for the 100-year series deposition in the entrance to the 
W-19 wetland as a function of the deposition threshold 
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Figure 9-44  Maximum water surface elevation profile comparison for the 10-year flood event 
simulation 
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Figure 9-45  Maximum water surface elevation profile comparison for the 25-year flood event 
simulation 
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Figure 9-46  Maximum water surface elevation profile comparison for the 50-year flood event 
simulation 
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Figure 9-47  Maximum water surface elevation profile comparison for the 100-year flood 
event simulation 
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Figure 9-48  Maximum water surface elevation profile comparison for the 100-year flood 
event simulations for effects of sea level rise 
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Figure 9-49  Maximum current velocity magnitudes in the vicinity of the El Camino Real Bridge 
for the 100-year flood event 
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Figure 9-50  Maximum current velocity magnitudes in the vicinity of the Edison weir for the 
100-year flood event 

 

 

Figure 9-51  Maximum current velocity magnitudes in the vicinity of the Interstate 5 Bridge for 
the 100-year flood event 
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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 
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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 
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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 open.  Those decisions are final engineering design consid-
erations. 
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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 
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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, Moffat 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 
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silty sand.  Additional cores located closer to the river channel (GEOCON, 
2014) reported surficial sediments as silty sand and poorly graded sand. 

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 
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or overflow into a more complex combination of overbank flow combined 
with the river channel flow.  The AdH model applies the influence of these 
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 criteria for wetland restoration projects in the San Die-
guito 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. 
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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 
the littoral sediments, this would lead to an impact of less than one per-
cent on the littoral zone sediments. 

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. 

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-
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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 are in their interpretation 
and inter-comparison between alternatives to serve as general discussion 
of sea level rise. 

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 
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. 
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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. Erosion at the utility corridor is an issue for all alternatives, includ-
ing 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 spitting 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: 

ρ =  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) 
σij   =  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 
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across an interface.  This is important in order to match the speed and 
height of a surge or hydraulic jump. 

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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where: 
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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 
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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, 

 j
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means that the approximate solution is made up of the product of the trial 
function for node j, φj, 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 factorα .  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 
 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 
 αFC = correction factor for horizontal sediment flux 
 RCP = ratio of bottom to depth-averaged concentrations 
 αVCX = x-velocity correction for bed gradients 
 αVCY = y-velocity correction for bed gradients 
 
The advective terms in (14) are modified by correction factors based on 
two considerations:  depth-averaged integration adjustments and non-
equilibrium concentration profile adjustments. 

Non-equilibrium Concentration Profile 

The first correction factor, αFC  (15), is the ratio between the depth-aver-
aged suspended sediment flux and the product of the depth-averaged ve-
locity and the depth-averaged concentration  

 FC
uC
uC

α =  (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 (15) requires 
an estimation of the vertical profiles of the concentration and velocity.  
The suspended concentration at the bottom of the water column, Ca, is de-
termined by the bedload calculations.  The deposition flux is the product of 
the deposition potential, Dss, the depth averaged concentration and a cor-
rection factor (16), RCP.  That correction factor is the ratio of the bottom 
sediment concentration and the depth-averaged suspended concentration.  
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The correction factor acknowledges that the sediment flux into the bed is a 
function of the local bottom concentration rather than the averaged. 

 a
CP

CR
C

=  (16) 

The vertical distribution of the suspended sediment concentration is as-
sumed to be an exponential decay of the bottom sediment concentration                     
(17). 
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The coefficient of exponential decay was derived by Brown (2008) to be as 
shown in (18). 
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where: 
βss  =  vertical turbulent mixing correction factor 
κ    =  von Kármán constant 
u*    =  friction velocity 
νs   =  settling velocity 
Fν a  =  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: 

εvs   =   vertical sediment diffusion coefficient  
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εv   =   vertical momentum diffusion coefficient 
 
The correction factor, βss , reduces the vertical turbulent mixing for larger 
sediments that respond more slowly to the turbulent fluctuations.  For 
clays and fine silts 1ssβ ≅ .  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 νs Ca 
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Knowing Fν a from (21), the exponential decay coefficient, K, can be calcu-
lated via (18) and the vertical distribution of the suspended sediment (17) 
is obtained. Now the flux correction factor (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 
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Brown (2008) solved the integrals in (22) to obtain (24) which includes 
the infinite polynomial (25) on (-K). 
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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, Ωs, is transported as a scalar variable with advection and dis-
sipation.  The vorticity in generated via a production term, PΩ, and dissi-
pated by turbulence, DΩ .  The production term has been derived (Bernard 
and Schneider, 1990) to be 
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 (27) 

where: 

 As  =  production coefficient 
Cf  =   Chezy coefficient 
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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

hΩ = Ω


              (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 Cτ ρ= Ω


             (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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Purpose 
 
The purpose of this technical memorandum is to summarize existing information on habitat 
elevation breaks for subtidal, intertidal mudflat, and intertidal salt marsh at San Dieguito 
Lagoon and recommend elevation breaks for preparation of grading plans for the San 
Dieguito Lagoon Restoration Project. 
 
Data Sources 
 
The following data sources were used in the preparation of this memorandum: 
 

• Technical Draft Memorandum. Elevations of Intertidal Vegetation Projections for 
ORERP (Otay River Estuary Restoration Plan).  February 3, 2012. Prepared by 
Michael Josselyn, PhD PWS.  WRA. Inc.2169 E. Francisco Boulevard, Suite G, San 
Rafael, CA, 94901. 

• SONGS Mitigation Monitoring Year 2, 2013. Prepared for California Coastal 
Commission.  Prepared by ESA PWA.  September 27, 2013. 

• Inundation Frequency Modeling for W 19.  Dr. Weixia Jin.  Moffat & Nichol.  
February 2016. 

 
Background 
 
San Diego Association of Governments (SANDAG) and Caltrans District 11 in cooperation 
with the City of San Diego and San Dieguito River Park Joint Powers Association have 
proposed restoring an approximately 127-acre parcel (W19) in the San Dieguito River Valley 
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located east of Interstate 5 to intertidal wetland and freshwater wetland as partial mitigation 
for impacts associated with highway and transit improvements in the Interstate 5 North Coast 
and Los Angeles-San Diego Rail corridors, and the El Camino Real Road and Bridge 
Improvement project.  Several restoration options have been developed and modeled for 
fluvial and tidal dynamics.  Hydrodynamic modeling of the tidal regime of W19 indicated 
muting of high and low tides resulting in compressed intertidal habitat elevations.  In order to 
develop accurate grading plans for the next phase of the project, the elevation breaks for each 
habitat type are required.  This memorandum compares habitat elevation breaks predicted for 
the San Onofre Nuclear Generating Station (SONGS) mitigation at San Dieguito Lagoon 
(SDL) prior to construction; habitat elevation breaks as measured with real-time kinematic 
global positioning systems (RTK-GPS) along transects at W16 in 2013; and habitat 
elevations as predicted by hydrodynamic modeling for the W19 site and recommends 
appropriate habitat breaks for the W19 grading plans. 
 
Habitat Breaks Predicted for SONGS Mitigation 
 
Josselyn and Whelchel (1999), as cited in Josselyn 2012, reported on elevations for marsh 
habitats in SDL for the SONGS mitigation program.  They used inundation curves to develop 
ranges for marsh communities.  Inundation curves for low salt marsh ranged from 20% - 40% 
inundation over the long-term tidal cycle (60% - 80% exposure); 5% - 20% inundation (80% 
- 95% exposure) for mid marsh; and less than 5% inundation (> 95% exposure) for high 
marsh.  The resulting marsh elevation breaks calculated using these assumptions are 
presented in Table 1. 
 
Table 1. Elevations for Marsh Habitats at San Dieguito Lagoon 1999. (Data in NGVD29 

converted from NAVD88. Tidal reference – Scripps Pier) 
 

Marsh Habitat Elevation Range  
(ft, NGVD29) 

Model Inundation 
Frequency 

High Marsh > +5.0 5% - 0% 
Mid Marsh +1.9 - + 5.0 5% – 20% 
Low Marsh +1.5 - + 1.9 20% -40% 

 
The Scientific Advisory Panel for the SONGS project subsequently determined the marsh 
elevation range from +4.5 to +5.0 NGVD29 would likely not meet canopy cover 
requirements and the upper elevation for high marsh was arbitrarily set at +4.5 ft NGVD29. 
 
Habitat Breaks as Measured with RTK-GPS 
 
In 2012 and 2013, ESA PWA was retained by the California Coastal Commission to 
determine if the SONGS mitigation project was meeting its habitat-based goals.  They 
established a number or transects extending from low marsh through the upper distribution of 
pickleweed (Scientific name not included in report.  Assumed to be Pacific pickleweed 
[Salicornia pacifica]).  The results of the surveys for W16 are presented in Table 2. 
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Habitat Breaks Predicted for W19, February 2016 
 
Dr. Weixia Jin of Moffatt & Nichol predicted habitat elevation breaks for W19 using 
inundation curves based on hydrodynamic modeling with the following ranges:   
 

• subtidal 100% inundation (0% exposure);  
• mudflat 100% - 40% inundation (0% to 60% exposure);  
• low marsh 40% – 20% inundation (60% - 80% exposure);  
• mid marsh 20% - 4 % inundation (80% to 96% exposure); and  
• high marsh 4% - 0% inundation (96% – 100% exposure).   

 
These ranges were applied to inundation curves for the existing condition at W19, and for 
Alternatives A, B and C immediately after dredging and with shoaling.  For the purpose of 
developing grading plans for each option, only the dredged condition for each option is 
considered in the analysis.  The resulting habitat breaks based on these assumptions are 
presented in Table 2. 
 

Table 2. Comparison of Habitat Elevation Breaks at W16 as Measured Using RTK-
GPS with Breaks Modeled by Moffat & Nichol (All data in ft NGVD29) 

 
Elevation Survey Moffatt & Nichol Modeling Results July 28, 2014 

ESA PWA – 2013 
W16 Transects  

W16 Existing 
Dredged 

Alternative A 
Dredged 

Alternative B 
Dredged 

Alternative C 
Dredged 

Model 
Inundation 
Frequency 

Transition 
 (No data) 

Transition 
> +3.8 

Transition 
> +3.5 

Transition 
> +3.5 

Transition 
> +3.5 

0% 

Design High Marsh 
+4.5 

High Marsh 
+3.1 - +3.8 

High Marsh 
+3.0 - +3.5 

High Marsh 
+3.0 - +3.5 

High Marsh 
+3.1 - +3.5 

4% - 0% 

Mid-high Marsh 
+1.8 -+3.5 

Mid-Marsh 
+1.9 - +3.1 

Mid-Marsh 
+1.8 - +3.0 

Mid-Marsh 
+1.8 - +3.0 

Mid-Marsh 
+2.0 - +3.1 

4% - 20% 

Low Marsh  
+1.4 -+1.8 

Low Marsh 
+1.3 - +1.9 

Low Marsh 
+1.2 - +1.8 

Low Marsh 
+1.2 - +1.8 

Low Marsh 
+1.3 - +2.0 

20% -40% 

Mudflat  
(No data) 

Mudflat 
+0.6 -+ 1.3 

Mudflat 
-0.3 -+ 1.2 

Mudflat  
-0.3 -+ 1.2 

Mudflat 
-0.3 -+ 1.3 

40% - 100% 

Subtidal  
(No data) 

Subtidal 
< +0.6 

Subtidal 
< -0.3 

Subtidal 
< -0.3 

Subtidal 
< -0.3 

100% 

 
Discussion and Recommendations 
 
The RTK-GPS elevations measured by ESA PWA at W16 were only concerned with 
measuring actual marsh canopy and thus did not include analysis of subtidal, mudflat or 
transition zone habitats. Nonetheless, they represent real, on the ground measurements that 
are particularly helpful when recommending grading elevations for W19, which is located in 
a similar position to W16 relative to the tidal inlet at SDL and tidal action from the ocean.  
The lower elevation range of cordgrass –dominated low marsh as measured with RTG-GPS 
varies by 0.1 ft to 0.2 ft from the lower low marsh elevation range as modeled by Moffatt & 



4 
 

Nichol for existing W19 and Alternatives A, B and C (Table 2).  The upper range for low 
marsh as measured with RTK-GPS is either equal to or 0.1 lower than the upper low marsh 
as modeled by Moffatt & Nichol.  The mid-high marsh as measured with RTK-GPS is in 
similar agreement with Moffatt & Nichol for dredged conditions for Alternatives A, B and C.   
 
Table 3 compares model predicted habitat elevation breaks between dredged and shoaled 
conditions.  Elevation differences between dredged and shoaled conditions for marshes from 
low marsh to high marsh range 0.1 to 0.4 ft. The difference for the mudflat is slightly more 
and ranges from 0.2 to 0.7 ft. For the existing W16 marsh, the measured habitat elevations 
match exactly to the model predicted habitat elevations under the shoaled condition, except 
that the measured upper limit of the high marsh is 0.1 ft higher than that of the model 
predicted. 
 
Table 3. Comparison of Model Predicted Habitat Elevation Breaks Between Dredged 
and Shoaled (All data in ft NGVD29) 
 

Elevation 
Survey Moffatt & Nichol Modeling Results July 28, 2014 

ESA PWA – 
2013 

W16 Transects 

W16 Existing Alternative A (W19) Model 
Inundation 
Frequency Dredged Shoaled Difference Dredged Shoaled Difference 

Transition 
 (No data) 

Transition 
> +3.8 

Transition 
> +3.4 

Transition 
0.4 

Transition 
> +3.5 

Transition 
> +3.2 

Transition 
0.4 

0% 

Design High 
Marsh +4.5 

       

Mid-High 
Marsh  
+1.8 -+3.5 

High Marsh 
+3.1 - +3.8 

High Marsh 
+2.8 - +3.4 

High Marsh 
0.3 - 0.4 

High Marsh 
+3.0 - +3.5 

High Marsh 
+2.8 - +3.2 

High Marsh 
0.2 - 0.3 

4% - 0% 

Mid-Marsh 
+1.9 - +3.1 

Mid-Marsh 
+1.8 - +2.8 

Mid-Marsh 
0.1 - 0.3 

Mid-Marsh 
+1.8 - +3.0 

Mid-Marsh 
+2.0 - +2.8 

Mid-Marsh 
0.2 - 0.2 

4% - 20% 

Low Marsh  
+1.4 -+1.8 

Low Marsh 
+1.3 - +1.9 

Low Marsh 
+1.4 - +1.8 

Low Marsh 
0.1 - 0.1 

Low Marsh 
+1.2 - +1.8 

Low Marsh 
+1.5 - +2.0 

Low Marsh 
0.3 - 0.2 

20% - 40% 

Mudflat  
(No data) 

Mudflat 
+0.6 -+ 1.3 

Mudflat 
+0.9 - +1.4 

Mudflat 
0.3 -0.1 

Mudflat  
-0.3 - +1.2 

Mudflat 
+0.4 - +1.5 

Mudflat 
0.7 - 0.3 

40% - 100% 

Subtidal  
(No data) 

Subtidal 
< +0.6 

Subtidal 
< +0.9 

Subtidal 
0.3 

Subtidal 
< -0.3 

Subtidal 
< +0.4 

Subtidal 
0.7 

100% 

 
 
Based on this analysis, discussion with Moffat & Nichol, and consideration of the potential 
sea level rise, the elevation breaks based on dredged conditions are recommended for the 
purposes of developing grading plans and are presented in Table 4. 
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Table 4. Recommended Habitat Elevation Breaks for W19 
 
Target Habitat Elevation Range (ft, NGVD29) 
Transition Zone  > +4.5  
High Marsh +3.0 to  +4.5 
Mid Marsh +1.9 to  +3.0 
Low Marsh +1.4 to  +1.9 
Intertidal Mudflat -0.3  to  +1.4 
Subtidal -2.0 to- 0.3 
 
The lower end of subtidal elevation range for W19 was initially set at -3.0 NGVD29; 
however, as modeled, the lowest low tide at W19 will be at -.0.3 ft due to muting of ocean 
tides.  Excavating to -2.0 ft should provide deep enough water that fish may survive if 
stranded in W19 at low tide until the next high tide.  This was the target for subtidal at Bolsa 
Chica according to Dr. Jin.  Dr. Jin also notes that subtidal habitat at W16 was graded to -1.0 
ft NGVD29.  
 




