1.0 Introduction

Through agreements with the City of Encinitas and the City of Solana Beach, the
U.S. Army Corps of Engineers have been analyzing possible enhancement
opportunities for the San Elijo Lagoon. The lagoon study area, encompassing
approximately 1,066 acres is collectively owned and managed by the State of
California, the County of San Diego, and the San Elijo Lagoon Conservancy. As
one of San Diego’s largest wetlands, San Elijo lagoon extends inland to the
community of Rancho Santa Fe, crossing three transportation systems: the
Interstate 5 freeway (I-5), the COASTER San Diego Northern Railway (SDNR),
and Highway 101 (PCH). Artificial constrictions have hindered the natural ability
of the estuary to open to the ocean. The Interstate 5 (I-5) North Coast freeway
widening project will further impact the lagoon. The following study investigates
potential mitigation opportunities for the I-5 North Coast project.

1.1  Existing Conditions

As a valuable coastal wetland, San Elijo Lagoon supports a variety of plant and
animal wildlife. Existing lagoon flow conditions in this lagoon are driven by tidal
motion through an inlet across the beach. Ocean water moves into the lagoon by
the natural channels during flood tide and drains the channel flow during ebb
tide. Recent management efforts to maintain an inlet open to tidal flushing have
substantially improved habitat quality from the previous stagnant conditions that
have developed over prolonged periods of inlet closure. Other important efforts
involving the removal of invasive species have also resulted in some
improvements to the habitat quality; however, these efforts do not remedy the
overarching problems and concerns associated with sedimentation nor do they
address problems associated with tidal flushing and urban runoff.

In August 2002, the original habitat maps for the Army Corps of Engineers
(ACOE) Environmental Impact Report / Environmental Impact Statement
(EIR/EIS) Baseline Study were completed. Figure 1.1-1 illustrates the habitat
coverage during this time. Since 2002, the San Elijo Lagoon Conservancy has
noticed and documented the encroachment/expansion of mid salt marsh areas
onto valuable mudflats. Interested in the rate at which mudflats have been lost, a
new map was generated to determine the area of mudflat which has been
converted into mid or low saltmarsh. Using an original habitat map and
overlaying a 2005 aerial image, the areas which underwent conversion were
mapped and later ground-truthed to ensure mapping accuracy. Figure 1.1-2
shows the updated map of habitat coverage, for 2005, which was developed by
the San Elijo Lagoon Conservancy.



With results from the new mapping, the original estimate of 135 acres of mudflat,
used in the 2002 EIR/EIS, has decreased dramatically. Now showing a loss of
47 acres of mudflats from the original 135 acres, the Conservancy has
documented a 34.8% loss in mudflats. This change has occurred in 3.5 years or
42 months. Knowing that the topography of the remaining mudflat habitat is not
significantly different in elevation, it was assumed that the same rate will continue
as time moves forward. With a little over an acre lost per month since the first
surveys were conducted, it is assumed that most of the 88 acres of mudflats that

are remaining will be gone in under 8 years from 2/2006 using this new rate of
loss.

Figure 1.1-1 Mapped Existing Conditions (2002)




Figure 1.1-2 Mapped Existing Conditions (2005)

1.2 COEFE’s Design of San Elijo Lagoon (Alternative 1 & Alternative 2) for
Feasibility Study

As part of the San Elijo Lagoon Ecosystem Restoration Project Feasibility Study,
the Corps of Engineers were responsible for formulating and evaluating an array
of Alternatives to address the problems observed at San Elijo Lagoon. The
RMA2 program was selected for the development of the numerical hydrodynamic
model to be used in understanding the water circulation and inundation
frequency patterns in the study area.

Various concerns arose when developing and examining these alternatives. One
concern was whether or not the existing inlet would be capable of delivering an
adequate supply of water to the entire study area. The second concern dealt
with the possibility of a significant tidal muting effect inside of the lagoon. Since
water movement in the lagoon is governed by tidal force, the major factors to be
evaluated regarding lagoon hydrodynamics were the inlet dimension, channel
depth, topographic conditions, and the muting effect on tidal ranges. If an
insufficient amount of water continues to be distributed to the basins and poor



flushing or tidal exchange rates exist, the lagoon may be incapable of providing
an adequate environment to restore the ecosystem. As a result, lagoon
modification plans were developed and evaluated in order to improve the current
habitat coverage at San Elijo Lagoon. The following plans describe some of
these ideas: modifying the existing inlet, channels, and basins, relocating the
inlet, creating new channels, and altering the grading plans for each basin.

Of the two lagoon maodification plans evaluated in the Corps of Engineers
Feasibility Study, Alternative 1 (Figure 1.1) proposed the smallest amount of
modifications to the existing study area. The main components of this Alternative
included the proposed creation of a sediment trap and avian islands, in addition
to the widening of several existing channels, the introduction of a new segment of
main channel, and the grading of various basins within the lagoon. Minimal
modifications were proposed at the inlet, and the openings of transportation
systems such as the PCH bridge, railroad trestle, and I-5 freeway. These
modifications included setting the invert elevation at the mouth of the channel
entrance to -0.5m (MLLW) and gradually deepening the channel to -1.5m
(MLLW) at the railroad trestle. The sediment trap would be located just east of
the railroad trestle and would cover 55,000 m?, with the deepest area dredged to
-6m (MLLW). On the east end of the sediment trap, the main channel would
resume and would range in depths from -1.5m to -0.84m (MLLW) in the central
basin. At the I-5 freeway bridge, the channel would maintain a width of 40m and
would be graded gradually to a depth of -0.31m (MLLW), which is the depth that
the channels throughout the east basin will be dredged to.

Figure 2.1 COE Alternative 1 Design Computation Grid



The second alternative evaluated in the feasibility study (Alternative 2, Figure
1.2) proposed relocating the lagoon inlet to the south of the existing inlet.
Alternative 2 proposed the creation of a sediment trap, connecting channels,
avian islands, and grading in various basins, similar to the grading schemes of
Alternative 1. The channel widths at the inlet and at the PCH bridge, 60 meters,
were designed to be nearly twice as wide as the existing inlet. This alternative
would also dredge the mouth of the lagoon to -0.5m (MLLW) in order to maintain
a stable inlet. The opening at the railroad trestle, which also served as part of
the design sediment trap, was designed as three times the design inlet width,
measuring 180 meters. The deepest part of the sediment trap will be dredged to
-4m (MLLW). The remaining portions of the lagoon, including grading and
channel modifications and creations in the central, east, and west basins, would
follow the same plan as Alternative 1.

Figure 1.2 COE Alternative 2 Design Computation Grid
1.3  Purpose of Study

The purpose of this study was to examine and identify the most cost-effective
strategy for enhancing the San Elijo Lagoon while investigating potential
mitigation opportunities for the 1-5 North Coast impacts. Specifically,
investigations were conducted to see how modifications could be made to the
COE design Alternatives to improve circulation, minimize tidal muting, and
maximize habitat benefits within the lagoon. Modifications would focus on the
channel openings under the major transportation corridors, including the 1-5
freeway, COASTER SDNR, and PCH. Budget, biological, and engineering
constructability concerns were considered during analysis.



2.0 Scope of Work and Method of Approach
2.1  Scope of Work

While sedimentation and urban runoff are also concerns of the lagoon, this study
will only focus on aspects of tidal hydrodynamics. A separate
hydrology/hydraulic and sedimentation study will be completed as a future task.
Instead, this study will investigate changes to the hydrodynamic behavior of the
lagoon by modifying COE design Alternatives. Specifically, modifications to the
COE design Alternatives were studied for the channel widths of the I-5 bridge,
railroad trestle, PCH bridge, and lagoon inlet in an attempt to qualify effects of
channel expansions and contractions. Additionally, volumetric exchange rates
under the I-5 bridge were quantified for various bridge configurations as a
measure of the water quality in the east basin. Furthermore, inundation
frequency results were incorporated into GIS mapping tools, resulting in the
calculation, quantification, and description of habitat generated by the model
within the lagoon under different with and without project scenarios. Finally, this
study included investigations to determine the feasibility of a multi-phase
construction program based on the recommended I-5 bridge opening.
Investigations entailed conceptual descriptions of the construction methodologies
and sequences, and an assessment of the expected habitat output resulting from
each independent phase.

2.1.1 Optimization of Channel Openings

Beginning with the COE Alternative 2 design, various channel configurations
under the I-5 bridge were analyzed. One of these simulated schemes studied
the effects of reconnecting the tidal exchange between the central and east basin
by the removal of the existing I-5 berm. Another scenario, which also attempted
to increase the flux of water between the central and east basin, introduced a
culvert and a parallel channel to the study area, which wrapped around the I-5
berm and involved no additional decrease in the existing I-5 bridge opening. The
third case studied doubled the COE design width of 40m and required the
removal of 40m of bridge footprint fill.

Similar analyses were required for the COE Alternative 1 design. Upon
completion of this investigation, modeling efforts were focused further seaward,
as channel widths at the railroad trestle were examined. An increase and
decrease of channel width was studied to see what effects, if any, are caused by
constrictions at the railroad trestle.

Finally, with the PCH bridge and inlet lying in such close proximity, the channel
widths at these locations were examined simultaneously. Based upon the
computed velocities at the inlet, and using inlet design measurements at nearby
lagoons as a guide, modifications for each Alternative design were applied.



2.1.2 Habitat Acreage Computation

Based on the inundation frequency results from the numerical modeling, habitat
acreages were computed for all recommended cases.

2.1.3 Incremental Analysis

In addition to calculating habitat acreages for completed recommended
Alternative designs, incremental analysis was conducted to assess the feasibility
of a multi-phase construction program. The product of this analysis was the
computed expected habitat output resulting from each phase independently.

2.2 Methodology
2.2.1 Optimization of Channel Openings

Adjustments were made to the numerical model for respective design
Alternatives in order to reflect the changes in channel configurations. Utilizing
two of the outputs provided by the finite element model, time series results of
water elevation and flow rate; it was possible to compare the behavior of each
scheme. Water elevation results established muting effect curves, which
indicated how much tidal flow, over a typical monthly cycle, is capable of
affecting a particular area of the lagoon. Outputs of flow rates were used as
indicators of the expected water quality, specifically in the region east of the I-5
bridge. It was assumed that higher volumetric exchange flow rates would imply
better flushing in the study area. More mixing and dilution would consequently
yield better water quality. Both water elevation and flow rate outputs were taken
into consideration when determining the optimum channel widths at the 1-5
bridge, railroad trestle, PCH bridge, and lagoon inlet.

2.2.2 Inundation Frequency Analysis & GIS

Another output provided by the finite element model used in this study was the
percent of time a particular grid node was inundated during the duration of the
simulation. Since the type of a habitat is determined by the water depth and the
frequency of inundation in that area, these inundation frequency results were
essential in the calculation of areas of expected habitat type. Using GIS mapping
tools, acreage calculations were performed for each scenario and are presented
in this report in tabular form.

2.2.3 Incremental Analysis
Incremental analysis was carried out by identifying locations in the lagoon where

significant changes in muting occurred. These thresholds established the
boundaries for proposed multi-phase construction programs. For Alternative



plans where recommendations have been made and confirmed, incremental
analysis was performed and expected habitat output was ascertained.

3.0 Computer Simulation

The RMA-2 model, developed by the U.S. Army Corps of Engineers, was used to
perform the hydrodynamic modeling of the San Elijo Lagoon system. The model
is a two-dimensional depth averaged finite element program that computes
solutions to the Navier-Stokes Equation. Its capabilities include computing water
surface elevations and flow velocities. Using the pre-processing and post-
processing graphical interface known as the Surface Water Modeling System
(SMS), a finite element mesh was generated and boundary conditions were
applied to the model. The seaward boundary condition consisted of a monthly
predicted tide, while the influx of 1.5 MGD (0.07 cms) of fresh water per day into
the east basin constituted the landward boundary condition. This landward
boundary condition is the controlled average current inflow given by the San Elijo
Lagoon Conservancy.

3.1  Computation Grid

As part of the San Elijo Lagoon Restoration Project, the COE had previously
developed two Alternative plan models in addition to a verified existing conditions
model. For this study, modifications were made to the computation grids of both
Alternative plan models. Using the SMS interface, triangular and quadrilateral
elements were formed to represent the topography of each Alternative.

3.2 Model Verification

Prior to this optimization study, the COE developed an existing conditions model,
which was verified against the collected data from the San Elijo Lagoon
Conservancy. Figures 3.2-1 and 3.2-2 compare the collected existing conditions
data with the computed without project modeling run. From these figures, one
can see the reasonable comparisons between the computed water surface
elevations and measured data at both the railroad trestle and the I-5 bridge.
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Figure 3.2-1 Existing Conditions Model Verification at the Railroad Trestle
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Figure 3.2-2 Existing Conditions Model Verification at the I-5 Bridge

3.3  Model Simulation

The computation grids for design Alternatives 1 and 2 were modified within SMS
to reflect the different cases under analysis. Figures 1.1 and 1.2 show the
computation grids for Alternative 1 and 2, respectively.



Modifications were made to the area below the I-5 bridge for the baseline COE
Alternative 2 design to yield Figures 3.3-1, 3.3-2, and 3.3-3. The figures show
the maximum opening, culvert, and the 80m case, respectively. With the
exception of the area below the I-5 bridge, the baseline COE Alternative 2 design
was maintained throughout the lagoon. While all scenarios attempted to
increase the tidal flushing between the central and east basin by providing
additional space for water to travel through the lagoon, each scenario was
designed with different levels of construction effort. The total area opened up
during the “maximum opening” case was 30 acres and required the complete
removal of the existing 1-5 berm. This involved grading down the land under the
bridge (a 300m bridge span) to an elevation of -0.954 m (MLLW), thus creating
an additional 30 acres of mudflat. The culvert case proposed the creation of a
parallel channel (equal to the COE design width of 40m), which wrapped around
the existing berm and required less disruption to the existing I-5 bridge setup.
Finally, the 80m case proposed doubling the design COE channel width from
40m to 80m under the I-5 bridge. This case would require a partial removal of
the existing I-5 berm. It was believed that with the increase in design channel
width, a reduction in peak flood water elevations around the bridge area may
occur. It was crucial to investigate this idea due to the results of previous
studies, which showed the problematic hydrodynamic behavior under ebb tide
flow conditions in the lagoon. Final confirmation of this idea is subject to
hydraulic and sedimentation simulations in addition to this study.

Figure 3.3-1 Alternative 2 Maximum Opening Case Grading Plan (m, MTL)



Figure 3.3-2 Alternative 2 Culvert Case Grading Plan (m, MTL)

Figure 3.3-3 Alternative 2 Optimum Opening Case Grading Plan (m, MTL)



After selecting the 80m case for Alternative 2, the same design conditions under
the I-5 bridge were applied to Alternative 1. The resulting grading plan is shown
in Figure 3.3-4. In this case, and in all subsequent modified Alternative 1
simulations, original COE design grading plans remain unless specified.

Figure 3.3-4 Alternative 1 Optimum Opening Case Grading Plan (m, MTL)

Following the modification investigation at the I-5 bridge, the study focus was
shifted westward to the channel opening at the railroad trestle. The COE
Alternative 2 plan proposed the creation of a new inlet, corresponding main
channel, and a sediment basin south of the existing lagoon inlet. This design
proved to supply the lagoon with seawater more efficiently than the existing inlet
and main channel configuration. However, it seemed likely that the success of
this design was based upon the large opening (180m) at the railroad trestle. For
this reason, an inquiry into the optimization of this width, which may involve the
reduction of the design width, was taken into consideration. The following
design, known as the “minimum opening case” for Alternative 2 is displayed in
Figure 3.3-5. In this case, the opening at the railroad trestle was reduced by a
factor of 3, from 180m to 60m, and the sediment basin was moved further east
and redirected as shown below. This width was selected to undergo analysis
since it was consistent with the design inlet and PCH bridge channel of 60m.



Figure 3.3-5 Alternative 2 Minimum Opening Case Grading Plan (m, MTL)

Comparable analysis was conducted at the railroad trestle opening for Alternative
1. Unlike Alternative 2, there appeared to be an evident problem with the
existing width of 45m at the railroad trestle, which suggested that this opening
was incapable of sufficiently transporting water through the lagoon. Therefore, it
was decided to study the effects of increasing the channel width. Keeping with
and applying standards comparable to those of Alternative 2, an increase of
three times the design width was studied. The resulting design, the “maximum
opening case” for Alternative 1, is displayed in Figure 3.3-6.



Figure 3.3-6 Alternative 1 Maximum Opening Case Grading Plan (m, MTL)

Moving further west, the impacts of the channel design under the PCH bridge
was explored. Since the PCH bridge and lagoon inlet were closely situated, the
two openings were analyzed concurrently. For design Alternative 2, it was
deemed unnecessary, at this stage in the overall project study, to contemplate
modifications to these openings. Prior modeling efforts have suggested that with
current COE inlet and PCH bridge design conditions, the velocities at the inlet
would sufficiently deter sediment from depositing at the inlet. Moreover, these
design conditions are supported by the implementation of other successful
lagoons along the San Diego shoreline. On the contrary, the COE design for
Alternative 1, having an inlet width of just over half the width of Alternative 2, was
identified as an area which could benefit from an optimization study at this time.
Resultantly, a modified computation grid was established to reflect proposed
changes at the inlet and PCH bridge. The changes, shown in Figure 3.3-7,
involve placing jetties and widening the design COE inlet from 32m to 40m.



Figure 3.3-7 Alternative 1 Inlet Opening (Including Alternative 1
Maximum Opening) Grading Plan (m, MTL)

3.4  Simulation Results

Optimizations were determined based upon how well scenarios improved
circulation, minimized tidal muting effects, and maximized habitat benefits.

Computed time series results of water elevation established muting effect curves
for each case. These results helped to understand the hydrodynamic conditions
within the lagoon and to correspondingly determine the significant points used for
the incremental analysis. Muting effects curves were developed by determining
root mean square (RMS) values (of water depths) for various stations in the
lagoon. These stations, both within channels and within basins, were
strategically chosen in order to assess the energy levels throughout the lagoon.
Figures 3.4-1 and 3.4-2 show the general station locations for design alternatives
2 and 1, respectively. Normalized RMS values taken at these locations fell
between 1.0 and 0.0, with 1.0 depicting an un-muted system and 0.0
representing a fully muted system. Figures 3.4-3 and 3.4-4 compare these
muting effect results for scenarios with modifications at the I-5 bridge. In terms of
muting, the comparisons for the Alternative 2 plan (Figure 3.4-3) reveal relatively
insignificant differences between the baseline COE design and the three studied
scenarios. A slight improvement, in terms of muting, resulted in the optimized
case, which was the basis for only performing the analysis of this scenario on the
Alternative 1 plan (Figure 3.4-4). From these muting effect charts, it is clear that



improving the conditions at the I-5 bridge, alone, will not be capable of
substantially enhancing the San Elijo Lagoon. In fact, these muting effect charts
support the idea that improvements need to be made at the entrance to the
lagoon and at critical locations such as the railroad trestle, where existing
conditions greatly constrict the flow of water.

Figure 3.4-1 Alternative 2 General Observation Station Locations



Figure 3.4-2 Alternative 1 General Observation Station Locations
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Figure 3.4-3 Alternative 2 (I-5 Bridge Study) Muting Effect Chart
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Figure 3.4-4 Alternative 1 (I-5 Bridge Study) Muting Effect Chart

In terms of volumetric transport rates, the three scenarios under investigation for
the Alternative 2 plan also performed very comparably to one another (Table 3.4-
1). When comparing transport rates with the estimated volume of water in the
east basin (region of the lagoon east of the I-5 freeway), each provided a healthy
dilution rate of 1:3. An analysis of the volumetric transport rates for the
Alternative 1 plan was also conducted. The results, displayed in Table 3.4-2,
showed that the behavior of the optimized case closely matched that of the
baseline COE Alternative 1 design, with both having dilution rates of 1:1.7.

I Daily Volumetric Transport Rate (m>/day) Volume of Water in Lagoon (East Basin)
[[Baseline COE Design 280,870 90,000
Max Opening 300,280 90,000
Culvert 289,400 90,000
Optimized 281,030 90,000

Table 3.4-1 Alternative 2 (I-5 Bridge Study) Table of Volumetric Transport Rates

Daily Volumetric Transport Rate (m>/day)

Volume of Water in Lagoon (East Basin)

[[Baseline COE Design

158,500

90,000

|Optimized

156,050

90,000

Table 3.4-2 Alternative 1 (I-5 Bridge Study) Table of Volumetric Transport Rates

The next part of the study looked into the effects of modifying the channel
dimensions at the railroad trestle. The resulting muting effect charts are shown




in Figures 3.4-5 and 3.4-6 for Alternatives 2 and 1, respectively. Both figures
reveal the negative effects of the flow constriction at the railroad trestle. The
computed results for Alternative 2 show that by decreasing the design railroad
trestle width from 180m to 60m, an increase in muting of about 20% occurs
within the lagoon channels. This implies that due to the configuration at the
railroad trestle, 20% of the energy from the ocean tide is lost, yielding results
more comparable to Alternative 1. This reduction in energy was found to be
much more significant during ebb tides than during flood tides. This
phenomenon occurs due to the constrictive nature of a reduced railroad trestle
opening. During flood tides, the ocean water forcibly enters into the lagoon;
however, during ebb tides, as the water levels recede and water attempts to exit
the lagoon, the constriction at the railroad trestle prohibits water from fully exiting
the system. As a result of this choking event, the expected tidal energy one
expects to see from a non-muted system is not reached.

Muting Effects(Normalized RMS with Respect to Inlet)
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Figure 3.4-6 Alternative 1 (Railroad Trestle Study) Muting Effect Chart

Finally, this study looked at the effects of modifying the model configuration at
the PCH bridge and the lagoon inlet. With both locations so closely situated, a
decision was made to fix the dimensions at both locations and study them
concurrently. For Alternative 2, the baseline COE design computed total
velocities at the inlet (Figure 3.4-7) along the San Diego coastline. For this
reason, the baseline COE Alternative 2 inlet design (60m) was determined to be
adequate for this level of study.
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Figure 3.4-7 Alternative 2 Baseline COE Design Computed Entrance Velocities

On the contrary, the baseline COE Alternative 1 design underwent further
analysis at the inlet and PCH bridge. Bounded by physical limitations on the
southern end of the entrance channel, this study looked into the effects of
widening the inlet from 32m to its maximum extent of 40m. Comparisons
between the baseline case, the maximum opening case (widening the railroad
trestle to 150m), and the maximum opening case including the inlet widening
were made. The results in terms of muting and volumetric flow at the inlet are
shown in Figures 3.4-8 and Table 3.4-3, respectively. These figures show minor
differences induced by the enlarged inlet. Possible explanations of the
discrepancies include effects caused by the interaction of the offshore
submerged reef on the new inlet design, the new inclusion of jetties, and the
difference in precise computation retrieval points at the lagoon mouth. The
results of this study imply that the majority of the head loss occurs at the “dog
leg” turns just past the inlet where velocities are reduced as water comes into
contact with physical boundaries.
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Daily Volumetric Transport Rate (m°/day)

Baseline 540,980
Max Opening (150m) 644,140
Max Opening (150m), Wider Inlet (40m) 624,795

Table 3.4-3 Alternative 1 (Inlet & PCH Bridge Study) Volumetric Flow at the Inlet




In total, eight new model simulations were carried out in this study in order to
select and propose improved plans to support San Elijo Lagoon. Table 3.4-4
characterizes each simulation, drawing attention to the channel width dimensions
under analysis.

Alternative 2

Alternative 2

Alternative 2

Alternative 2

Alternative 1

Alternative 1

Alternative 1

Alternative 1

I-5
Complete removal of
existing berm
Create parallel culvert
(40m in width)
Double existing design
width from 40m to 80m
40m
(COE baseline design)
Double existing width
from 40m to 80m
40m
(COE baseline design)
40m
(COE baseline design)
Double existing design
width from 40m to 80m

Railroad Trestle
180m
(COE baseline design)
180m
(COE baseline design)
180m
(COE baseline design)
Decrease design width
from 180m to 60m
45m
(COE baseline design)
Increase design width
from 45m to 150m
Increase design width
from 45m to 150m
Increase design width
from 45m to 150m

PCH & Inlet

60m

(COE baseline design)
60m

(COE baseline design)
60m

(COE baseline design)
60m

(COE baseline design)
32m

(COE baseline design)
32m

(COE baseline design)

Widen existing inlet width

to 40m & add jetties

Widen existing inlet width

to 40m & add jetties

Table 3.4-4 Summary of Completed Model Simulations

Based upon computation results of muting and volumetric exchange, several
modifications were selected in order to enhance original COE baseline
alternative plan designs. Table 3.4-5 lists the designs which fulfill the goals of
this study. The new naming convention has been established for the sake of
simplification. Further considerations of flood impact in relation to the opening
under the I-5 bridge were given. The 80m case was selected as the preferred
case to undergo further investigations.

-5 Railroad Trestle PCH & Inlet
Alternative 2a 40m 180m 60m
Alternative 2b 80m 180m 60m
Alternative 1a 40m 150m 40m
Alternative 1b 80m 150m 40m

Table 3.4-5 Recommended Modifications for COE Alternative Plan Designs




3.5 Incremental Analysis

After selecting the recommended design openings for respective COE Alternative
design cases, investigations to determine the feasibility of a multi-phase
construction program were conducted. Both Alternatives were studied in three
phases. Boundaries of each phase were designated based upon the
geographical conditions in the lagoon such as the railroad trestle and I-5 bridge.
Computation results showed that significant breaks in muting effect charts further
supported these designations. The phase-ability of this project is important to
accommodate budget restraints in addition to the migration of various wildlife
during the construction of the project. The results of this portion of the study will
be used to establish the expected habitat output resulting from each phase
independently.

It should be noted that from a hydrodynamic point of view, the construction of the
I-5 bridge prior to other restoration work would have limited negative impacts on
restoration efforts. Unless foundation designs impact existing or designed
waterways (channel configurations), the extent of negative impact would be
confined to habitat loss.

3.5.1 Alternative 1

From previous muting effect curves, it is clear to see that the areas of
significance, the areas in which large changes in muting occur, are at the railroad
trestle and at the I-5 bridge. For this reason, the three phase construction plan
was determined as follows:

Phase 1 — project conditions starting at the inlet and extending through the
railroad trestle (including grading in the west basin); other
portions of the lagoon (east of the railroad trestle) remain under
existing conditions

Phase 2 — phase 1 plus grading in the central basin; I-5 bridge and
grading in the east basin to remain under existing conditions

Phase 3 — phase 1 and 2 plus modifications to the I-5 bridge and grading
in the east basin

The grading plans for the phased construction schemes 1, 2, and 3, of
Alternative 1 are shown in Figures 3.5-1, -2, and -3, respectively.



Figure 3.5-1 Alternative 1 Phase 1



Figure 3.5-2 Alternative 1 Phase 2

3.5.2 Alternative 2

Similarly, the Alternative 2 plan was split into three phases separated by the
railroad trestle and the I-5 bridge. The three grading plans for this Alternative
are displayed in Figures 3.5-4, -5, and -6, respectively.



Figure 3.5-3 Alternative 2 Phase 1



Figure 3.5-4 Alternative 2 Phase 2

4.0 Habitat Acreage Distribution

In this study, projected habitat acreage was categorized as either inundation or
non-inundation based habitat. For inundation based habitat, the Inundation
Frequency Curve established by Joy B. Zedler was adopted (Figure 4.0). Using
this methodology, results from hydrodynamic simulations were assessed to
guantify nodal frequencies of inundation. These inundation frequencies were
previously studied and verified to have specific correlations to various habitat
types. The range of inundation frequencies required for maintaining a specific
habitat type are shown in Table 4.0.

All non-inundation based habitat, such as salt panne, riparian, and fresh water
brackish marsh, were defined by an existing conditions map and then modified
by project biologists who considered and projected potential changes caused by
project implementation.



Figure 4.0 Inundation Frequency Curve (Zedler)

Habitat Type Inundation Frequency
Open Water 95% - 100%
Eelgrass 75% - 95%
Mudflat 47% - 75%

Low Salt Marsh 33% -47%

Mid Salt Marsh 17% - 33%

High Salt Marsh 2% -17%
Coastal Fringe Uplands 0% - 2%

Table 4.0 Inundation Based Habitat Definitions
4.1 Inundation Frequency Results

For each model simulation, a set of inundation frequency results were computed
by the RMA2 program. These results were comprised of coordinates of northing
and easting as well as corresponding inundation frequencies for each
computation node.



42 GIS

Formatted inundation frequency results were incorporated into GIS software,
yielding charts and diagrams of expected habitat output. Figures 4.3-1, -2, -3. -4,
-5, and -6 display the GIS generated habitat maps, while Table 4.4-1 lists the
computed values of expected habitat type. The following explains the procedure
used to generate those figures and table:

Tidal inundation data was given to the GIS support staff in the form of an X,Y,Z,
text document, in which the Z value was the percentage of time the X, Y location
was inundated over the studied tidal regime. The X,Y,Z text document was
configured in the Windows Notepad application and saved as a .txt file to be
imported into Microsoft Excel. The .txt file was opened in Microsoft Excel,
formatted into a spreadsheet and saved as a .dbf file to be imported into ArcGIS
software.

1) Importing point data into ArcGIS

The .dbf file was added to the data frame in the ArcMap program. Display X, Y
coordinates was chosen from right clicking on the table within the data frame.
This function allows the X,Y coordinates to be displayed within the ArcMap
program. The displayed X, Y coordinated were exported in their own shapefile
and then added to the data frame. The original table and displayed X, Y
coordinated were removed from the data frame at this point.

2) Raster Interpolation

In order to create a continuous surface from the point data a raster interpolation
was conducted through the Spatial Analyst extension within the ArcMap program.
A Kriging raster interpolation was used to model the tidal inundation of the
grading area. Within the Kriging function, the Z value was identified as the
inundation frequency value. Default settings were used although the Search
Radius Type setting was set to “fixed” with a Search Radius Setting of 70 meters.
Output cell size was set at a value of 1. The Raster Interpolation was then
conducted.

3) Raster Calculation

After the Interpolation was conducted it was necessary to define the inundation
frequency ranges for the various habitat types. Project biologists decided on
creating 5 habitat types that were solely based on tidal inundation frequency.
These habitats had inundation frequencies ranging from 0% to 100%. Each
habitat inundation range was entered into the Raster Calculator which produced
a layer which defined the extent of each habitat within the grading plan.

4) Convert Raster to Features
The raster layers that were created through the Raster Calculation were
converted to shapefiles using the Convert; Raster to Features function within the



Spatial Analyst extension. This produces a shapefile with 2 polygons within it.
Both polygons have a field within the tables titled “Gridcode”. The polygon with a
“Gridcode” value of 1 means that polygon is the area which falls within the
inundation frequency range specified in the Raster Calculator step. This polygon
was selected and exported to a shapefile. This process was repeated for each
habitat type. These shapefiles were then added to the data frame and each file
was given a new field name titled “name” and given its specific habitat name.
Converting the raster surface to a shapefile allows the area to be analyzed for
area, which will be used by project biologists in the Habitat Evaluation Process
(HEP).

5) Merge of separate shapefiles

The separate habitat shapefiles were merged using the Append function within
ArcToolbox. This action created one shapefile with the entire habitat combined
within the grading plan.

6) Clip of merged shapefiles on grading plan boundary
The merge shapefile was then clipped to the grading area boundary provided by
Coastal Engineering

7) Calculation of acreages

At this point the merged and clipped shapefile can be analyzed for area and
acreage. The attribute table of the final shapefile was opened and a new field
was added titled “area”. This produces an area for each polygon in square
meters. The square meters values were summarized for each habitat type and
converted to acres for use by the project biologists.



4.3 Incremental Analysis

Figure 4.3-1 Alternative 1 Phase 1 Expected Habitat Distributions



Figure 4.3-2 Alternative 1 Phase 2 Expected Habitat Distributions

Figure 4.3-3 Alternative 1 Phase 3 Expected Habitat Distributions



Figure 4.3-4 Alternative 2 Phase 2 Expected Habitat Distributions

Figure 4.3-5 Alternative 2 Phase 2 Expected Habitat Distributions



Figure 4.3-6 Alternative 2 Phase 3 Expected Habitat Distributions

4.4

Habitat Acreage Calculations

Using the ArcGIS generated habitat distribution maps, acreage calculations for
each habitat type under consideration were conducted. Table 4.3-1 highlights
the results of this analysis.

Alternative 1

Alternative 1

Alternative 1

Alternative 2

Alternative 2

Alternative 2

Habitat Types Existing 2002 | Existing 2005 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3
Avian Island 0.00 0.00 0.00 0.00 17.63 0.00 0.00 17.63
Berm Roads 17.88 17.88 15.12 15.11 14.98 14.36 14.42 14.08
Coastal Strand 4.10 4.10 3.48 3.48 3.48 3.50 3.50 3.49
Eelgrass 0.00 0.00 0.00 2.97 2.97 0.00 3.07 3.07
Freshwater 8.34 8.34 8.34 8.34 8.33 8.34 8.34 8.33
Freshwater Brackish Marsh 107.76 107.76 106.87 105.66 52.98 106.90 105.91 53.22
High Salt Marsh 84.55 84.55 193.56 147.41 145.66 178.78 146.73 140.37
Low Salt Marsh 0.00 0.00 7.31 11.47 23.48 14.73 14.91 27.27
Middle Salt Marsh 102.16 148.70 64.81 45.27 38.18 71.41 50.77 46.79
Mudflat 134.96 88.42 40.24 95.87 97.71 36.56 84.62 91.91
Open Water 22.93 22.93 45,55 49.70 86.59 50.72 53.02 85.66
Riparian 44,71 44,71 44.69 44.70 44.37 44.68 44.68 44.39
Salt Panne 31.75 31.75 31.75 31.75 17.93 31.75 31.75 18.07
Upland 254.13 254.13 251.55 251.54 250.63 251.54 251.55 250.64
Vegetated Freshwater 0.00 0.00 0.00 0.00 8.35 0.00 0.00 8.35
Total 813.27 813.27 813.27 813.27 813.27 813.27 813.27 813.27

Table 4.3-1 Habitat Acreage Distribution




5.0 Conclusions

The goal of this study was to optimize the openings at the three major
transportation passageways across the San Elijo Lagoon. Building upon
previous efforts in restoring the lagoon, this study looked specifically into the
effects of varying channel widths at each of those openings: inlet and PCH
bridge, the SDNR system, and the I-5 freeway. Results from each simulation
would be judged on its ability to reduce muting, increase circulation, improve
water quality in the lagoon, and ultimately on whether or not any improvements to
the habitat distribution in the lagoon would be likely to occur.

Simulation results indicate a preference in selecting the Alternative 2 “80m” case
as the design case to be further analyzed. A detailed hydraulic and
sedimentation study is recommended in order to verify and identify any potential
benefits in using the 80m design.

Furthermore, this study presented results from an incremental analysis
investigation in which the feasibility of a multi-phase construction scheme was
determined. Results of expected habitat acreage calculations may be used to
assist decision makers in the future.



