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5.2.3. Simulation Results.

5.2.3.1. Water Levels.

Similar to the offshore conditions, tides in Mission Bay are mixed semidiurnal with two unequal high
and low tides per lunar day. Both mean diurnal high water and low water inequalities, i.e. the average
difference between the two high and the two low waters of each tidal day respectively, are about 1.0
foot.

Comparison of modeled water levels indicate that there is no tidal muting in Mission Bay. Table 5-1
lists modeled spring high and spring low tide elevations (i.e. the maximum and minimum water levels
through the entire simulation) at each of the data extraction locations. Not only do tides in the Bay
reach the same elevations as the open ocean tides, there is a small but consistent amplification of the
tidal amplitudes which increase with increasing distance to the Entrance Channel. The spring tidal
range for Tecolote Creek, furthest from the entrance, is about 0.2 feet larger than that for the open
ocean. Although small in magnitude, and negligible for wetland delineation and other project
considerations, this amplification of tidal amplitudes is strongest during spring tides (depicted for the
Offshore and Tecolote Creek areas in Figure 5-3) and minimum during neap tides (Figure 5-4),
however it is present throughout the 15 day tidal-cycle, as indicated in Table 5-2, which provides the
estimated MHHW and MLLW datums, and diurnal ranges (MHHW to MLLW) based on simulation
results.

TABLE 5-1 SPRING HIGH AND LOW WATER ELEVATIONS IN MISSION BAY

Spring Spring Spring . . .
. HighTide  LowTide  Tidal Spring High Spring Low
Station (ft (ft Range Tide Tide

NGVD29) NGVD29) (t) (Time, UTC) (Time, UTC)
Offshore (Open Ocean) 4.38 -3.58 7.95 6/14/2011 20:37 | 6/15/2011 3:54
Entrance Channel 4.42 -3.63 8.05 6/14/2011 20:37 6/15/2011 4:00
Rose Creek/ N. Fiesta Is. 4.47 -3.72 8.19 6/14/2011 20:37 | 6/15/2011 4:12
Cudahy Creek 4.48 -3.74 8.21 6/14/2011 20:37 6/15/2011 4:12
Tecolote Creek 4.48 -3.74 8.22 6/14/2011 20:37 6/15/2011 4:12
South Fiesta Island 4.46 -3.69 8.15 6/14/2011 20:37 | 6/15/2011 4:12

TABLE 5-2 MHHW AND MLLW DATUMS ESTIMATED FROM MODEL RESULTS

Station MHHW MLLW Diurnal Range
(ft, NGVD29) = (ft, NGVD29) (ft)
Offshore 3.36 -2.41 5.77
Entrance Channel 3.40 -2.44 5.83
Rose Creek / N. Fiesta Is. 3.45 -2.46 591
Cudahy Creek 3.46 -2.48 5.94
Tecolote Creek 3.46 -2.48 5.94
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FIGURE 5-5-3 MODELED SPRING TIDES OFFSHORE, AND AT TECOLOTE CREEK.

FIGURE 5-4 MODELED NEAP TIDES OFFSHORE, AND AT TECOLOTE CREEK.

Also listed in Table 5-1 are the times of Spring High and Low tides at each data extraction location.
Similar to the rest of the daily high tides, spring highs occur simultaneously throughout the Bay. This
could be explained by the length-scales of the Bay with respect to that of the tides. Mission Bay
constitutes a short and narrow basin, and as the tide passes its entrance, water levels in the Bay
immediately follow water levels in the open ocean. Some reflection of the tidal energy occurs at the
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landward boundaries of the Bay which result in the slight amplification of tidal amplitudes discussed
above, and could give rise to secondary effects leading to the observed lag between low tides at East
Mission Bay (Rose Creek, Cudahy Creek, Tecolote Creek and South Fiesta Island locations) with
respect to the open ocean. Again, the time difference between low tides is largest during spring tides
and minimum during neap tides.

No lags were found between high and low tides at either side of the Fiesta Island Causeway, as
depicted in Figure 5-4. Furthermore, as indicated in Table 5-1, the difference between tidal amplitudes
at these locations is negligible.

Spring Tides
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FIGURE 5-5 MODELED SPRING TIDES AT TECOLOTE CREEK AND SOUTH FIESTA ISLAND

5.2.4. Inundation Frequency

Modeled water levels were also used to compare tidal inundation frequency in Mission Bay with
respect to the open ocean. Inundation frequency is defined as the percentage of time that the tidal
elevation exceeds a certain elevation. It is an important factor for habitat design and distribution
because target vegetation species establish at particular inundation frequencies.

Figure 5-6 provides the tidal inundation frequency curve for the open ocean and the proposed project
location in Mission Bay. As there is no tidal muting in Mission Bay, inundation frequency is virtually
identical inside and outside of the Bay. The full range of marsh habitats could therefore be established
in the proposed wetland projects.
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FIGURE 5-6 TIDAL INUNDATION FREQUENCY AT PROPOSED MARSH LOCATIONS

5.2.5. Tidal Current Velocities

Peak flood and ebb tidal velocities, i.e. the maximum current speeds associated with rising and falling
tides, respectively, at and around the data stations in Mission Bay are provided in Table 5-3. Peak
flood and ebb tidal currents occur during spring tides; however as opposed to water levels which rise
and fall nearly uniformly and simultaneously, these peak currents have a variable distribution in space
and time.

TABLE 5-3 MODELED PEAK FLOOD AND EBB VELOCITIES IN MISSION BAY

Station food | PeakFlood Peak Ebb
(ft/5) (t/5) (Time, UTC) (Time, UTC)
Offshore 0.10 0.27 6/14/2011 6:43 6/14/2011 1:42
Entrance Channel 1.90 2.51 6/16/2011 8:09 6/15/2011 0:46
Rose Creek 0.14 0.13 6/15/2011 7:03 6/15/2011 1:52
North Fiesta Island. 0.35 0.31 6/16/2011 8:15 6/16/2011 0:44
Cudahy Creek 0.07 0.04 6/15/2011 7:39 6/15/2011 2:04
Tecolote Creek 0.03 0.02 6/15/2011 0:46 6/15/2011 6:45
South Fiesta Island 0.04 0.03 6/15/2011 0:52 6/15/2011 6:33

Spatially, the highest current speeds occur at the Mission Bay Entrance channel. At this location, ebb
currents govern over flood currents with peak magnitudes of about 2.5 feet per second (ft/s) and 1.9
ft/s, respectively. As shown in Figure 5-7, outgoing currents increase their velocities as they flow
through the constricted channels off the west and south coast of Vacation Island, through the Entrance
Channel, and as they exit the Bay. During peak ebb, high currents speeds of up to about 1.8 ft/s occur
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as far as 3,000 feet offshore. On the contrary, during peak flood (Figure 5-8) offshore current speeds
remain low, but the pronounced incoming flow through the narrow entrance channels yields slightly
higher current velocities at locations further in the Bay.

Tidal currents are substantially reduced at the northeast region of Mission Bay and have comparable
magnitudes during flood and ebb. Although flow constriction between the northern tip of Fiesta Island
and the De Anza peninsula also results in some acceleration of the flow (current velocities up to about
0.6 ft/s) calmer flows occur around the Rose Creek area, with peak currents below 0.2 ft/s.

Finally, poor tidal circulation is observed for areas east of Fiesta Island, where tidal currents remain
below 0.1 ft/s even during peak flood and ebb.
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FIGURE 5-7 PEAK EBB CURRENTS AT MISSION BAY ENTRANCE CHANNEL
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FIGURE 5-8 PEAK FLOOD CURRENT AT MISSION BAY ENTRANCE CHANNEL
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5.3. Extreme storm-flood simulations

Evaluation of storm flood hydrodynamics for this study focused on identifying local peak flow velocities
associated with an extreme fluvial flood event. Inflows were only considered at Rose Creek and
Tecolote Creek, i.e. the two main sources of freshwater into Mission Bay. Therefore, evaluation of
current velocities is limited to the mouth of these channels where wetland and water quality projects
are proposed. Two hydrodynamic scenarios were evaluated: 1) Peak inflow discharge coinciding with
low tides, and 2) Peak inflow discharge coinciding with high tides.

Figure 5-9 depicts the data extraction locations used to evaluate current velocities and water levels
for the extreme storm-flood simulations. Henceforth these locations will be referred to as Rose Creek
Mouth and Tecolote Creek Mouth.

% - s 0 T

FIGURE 5-9 DATA EXTRACTION LOCATIONS FOR EXTREME STORM FLOOD SIMULATIONS

5.3.1. Simulation Boundary Conditions

5.3.1.1. Water Levels

Average tides from La Jolla were also used as the offshore water level boundary condition for the
storm flood simulations. A 24-hr period halfway between spring and neap tides, with a Higher High
Tide reaching 3.4 ft, and a consecutive Lower Low tide of -2.5 ft, was selected for simulation of the
extreme fluvial flood event.
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5.3.1.2. Freshwater Inflows

Flood hydrographs for a 24-hr fluvial storm event with a return period of 100 years were obtained from
previous hydrology analysis of the Rose Creek and Tecolote Creek watersheds conducted by Rick
Engineering (2019). Rather than attempting to reproduce this event, for which the hydrographs for
each watershed peak at a different time, a number of simulations were conducted to achieve
concurrent occurrence of high/low tides and peak inflow discharge at Rose Creek and Tecolote Creek
independently.

For hydrodynamic scenario 1, several simulations were conducted in order to iteratively identify the
highest current velocities at the mouth of Rose Creek and Tecolote Creek. As a starting point,
boundary conditions were set up to synchronize peak inflow discharge from both hydrographs (see
solid curves in Figure 5-10) with the low tide in the open ocean which, as previously discussed, does
not necessarily occur simultaneously with low tides on the east side of Mission Bay. Subsequent
simulations were conducted by shifting the hydrograph backward 15, 30, 45 and 60 minutes (see
dashed and dotted curves in Figure 5-10).

For hydrodynamic scenario 2, boundary conditions were setup to synchronize peak inflow discharge
from both hydrographs with the high tide in the open ocean, which is concurrent with the high tide
throughout Mission Bay. No iterative simulations were conducted for this scenario as flow velocities
were found to be substantially lower than for hydrodynamic scenario 1.

Figure 5-10 and Figure 5-11 plot the offshore water level and the discharge boundary conditions
imposed at the upstream boundaries of Rose Creek and Tecolote Creek for hydrodynamic scenarios
1 and 2.

Simulation Boundary Conditions, Hydrodynamic Scenario 1
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FIGURE 5-10 SIMULATION BOUNDARY CONDITIONS FOR HYDRODYNAMIC SCENARIO 1
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Simulation Boundary Conditions, Hydrodynamic Scenario 2
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FIGURE 5-11 SIMULATION BOUNDARY CONDITIONDS FOR HYDRODYNAMIC SCENARIO 2

5.3.2. Simulation Results.

Table 5-4 summarizes findings from the extreme storm flood simulation results by providing the peak
flow velocities and the amount of time in which flow velocity reached or exceeded 5 ft/s. The
hydrodynamic scenario and the time of peak inflow discharge (Q) for each simulation are listed in the
table for reference. Overall, higher peak flow velocities result when peak inflow discharge and low
tides occur concurrently, however peak inflow discharge during high tide results in prolonged
occurrence of high flow velocities.

TABLE 5-4 SUMMARY OF EXTREME STORM FLOOD SIMULATION RESULTS

Peak Current velocity Current velocity
(fps) >5 ft/s
. Time of (hr)
D Hydrodyn.amlc Peak Q
Scenario (hr) Rose Creek | Tecolote Rose Tecolote
Mouth Creek Creek Creek
Mouth Mouth Mouth
1.1  Peak discharge at low 20.00 12.81 20.77 8.29 7.01
tide
1.2 Peak discharge at low 19.75 12.61 20.77 8.39 7.29
tide
1.3 Peak discharge at low 19.50 12.44 20.77 8.50 7.30
tide
1.4 Peak discharge at low 19.25 12.47 20.86 8.54 7.33
tide
1.5 Peak discharge at low 19.0 12.56 20.84 8.63 7.43
tide
2.1 | Peak discharge at high 13.5 8.64 11.05 1253 9.34
tide
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5.3.2.1. Hydrodynamic Scenario 1: Peak inflow discharge coinciding with low tides

Highest peak flow velocities occur for Hydrodynamic Scenario 1 as a result of ebb currents flowing
downstream along with freshwater runoff from the Rose Creek and Tecolote Creek watersheds.

Rose Creek

Variation of the depth average peak flow velocities at Rose Creek Mouth is not significant, ranging
from 12.8 ft/s to 12.6 ft/s, among the different simulation sub-scenarios. Figure 5-12 plots the modeled
water level and depth-averaged current speed at this location for hydrodynamic scenario 1.1. Flows
exceeding 5 ft/s occur for about 8.3 hours, while the peak flow exceeding 9 ft/s occurs within a 4.1 hr
period.

Figure 5-13 show peak flow velocity contours at Rose Creek for Hydrodynamic Scenario 1.1. Depth
averaged flow velocities in the channel reach up to 11 ft/s. Constriction of the channel near the mouth
result in depth-averaged current speeds of up to 18 ft/s (depicted in orange shades in Figure 5-13).
From this point depth-averaged flow velocities drop below 3 ft/s within a distance of 1,500 feet.

The extreme storm inflow has an effect on water levels at Rose Creek Mouth for lower tide stages. As
indicated in Figure 5-12, surface water levels (depicted by the solid blue curve) are above tidal
elevations (depicted by the dotted blue curve) during a period of approximately 6.5 hours, in which the
water surface rises up to 2.6 ft above tide levels.

Storm Flood Hydrodynamics at Rose Creek Mouth
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FIGURE 5-12 WATER LEVEL AND DEPTH AVERAGED CURRENT SPEED AT ROSE CREEK MOUTH,
HYDRODYNAMIC SCENARIO 1.1

Tecolote Creek

Depth-averaged peak flow velocities are higher at Tecolote Creek mouth and were found to have
negligible sensitivity to the tide stage, ranging from 20.8 ft/s to 20.9 ft/s. Figure 5-13 plots modeled
water level and depth averaged current speed at this location for hydrodynamic scenario 1.1. For this
sub-scenario flows exceeding 5 ft/s occur for 7 hours, while the peak flow exceeding 10 ft/s occurs
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within a 4.6 hr period. Spatially, flow velocities are considerably larger at the narrower Tecolote Creek,
reaching depth-average current speeds of over 20 ft/s (red shades in Figure 5-15) at the downstream
end of the channel and around the mouth. Without a larger area to which flows can rapidly disperse,
high flow velocities of up to 6 ft/s are observed North of the Fiesta Island Causeway.

As indicated by the blue and dotted curves in Figure 5-13, the extreme fluvial flood event results in a
rise of the water levels of up to 1.3 ft with respect to tidal elevations at Tecolote Creek Mouth during a
period of about 3.5 hr.

Storm Flood Hydrodynamics at Tecolote Creek Mouth
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FIGURE 5-13 WATER LEVEL AND DEPTH AVERAGED CURRENT SPEED AT TECOLOTE CREEK MOUTH,
HYDRODYNAMIC SCENARIO 1.4
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FIGURE 5-14 PEAK FLOW VELOCITY CONTOURS AT ROSE CREEK, HYDRODYNAMIC SCENARIO 1.1

.‘.‘ moffatt & nichol Creative People, Practical Solutions.®




Mission Bay Hydrology Study | Mission Bay PEIR
Revision 00 | 5 April 2019

Tecolote-Creek Mouth

o

A7 : rr

S5

FIGURE 5-15 PEAK FLOW VELOCITY CONTOURS AT TECOLOTE CREEK, HYDRODYNAMIC SCENARIO 1.1
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5.3.2.2. Hydrodynamic Scenario 2: Peak inflow discharge coinciding with high tides

Under Hydrodynamic Scenario 2, flood tidal currents in the upstream direction weaken the freshwater
inflow currents during high tide, resulting in significantly lower peak flow velocities when compared to
Hydrodynamic Scenario 1. However, the occurrence of high flow velocities (i.e. 5 ft/s and higher) is
prolonged. As indicated in Figure 5-16 and Figure 5-17 flow velocities peak twice under Hydrodynamic
Scenario 2. The first peak, occurring at high tide, is related to the peak discharge from Rose Creek
and Tecolote Creek watersheds. As discharge begins to drop, the shift in the direction of tidal
circulation occurs, accelerating the flow and giving rise to the second peak in flow velocity,
approximately at peak ebb.

Rose Creek

Depth-averaged currents peak at 8.2 ft/s and 8.6 ft/s at Rose Creek Mouth under Hydrodynamic
Scenario 2. Current speeds exceeding 5 ft/s occur for about 12.5 hours.

Peak Flow velocity contours at Rose Creek are provided in Figure 5-18. Depth-averaged current
speeds now range from 8 ft/s to 9 ft/s in the channel and reach about 14 ft/s at the constricted area
near the mouth. From this location, the flow is more rapidly dispersed into Fiesta Bay dropping below
3 ft/s within a distance 1,000 feet.

Surface water levels at Rose Creek Mouth are affected during a period of about 4.5 hours around low
tide (Figure 5-16), with a rise of up to 1.2 feet above tide levels.

Storm Flood Hydrodynamics at Rose Creek Mouth
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FIGURE 5-16 WATER LEVEL AND DEPTH AVERAGED CURRENT SPEED AT ROSE CREEK MOUTH,
HYDRODYNAMIC SCENARIO 2
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Tecolote Creek

Flow velocity peaks at 6.9 ft/s and then at 11.0 ft/s at Tecolote Creek Mouth under Hydrodynamic
Scenario 2. Current speeds exceeding 5 ft/s occur for about 9.3 hours.

As indicated by the contours in Figure 5-19, peak flow velocities along the downstream end of Tecolote
Creek channel reach up to 14 ft/s. Downstream of Tecolote Creek Mouth, flow velocities drop below 3
ft/s within a distance of 250 feet. Current speeds north of the Causeway remain below 1 ft/s.

As illustrated in Figure 5-17, water levels remain below tide elevations throughout the course of the
extreme flood event.

Storm Flood Hydrodynamics at Tecolote Creek Mouth
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FIGURE 5-17 WATER LEVEL AND DEPTH AVERAGED CURRENT SPEED AT TECOLOTE CREEK MOUTH,
HYDRODYNAMIC SCENARIO 2
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FIGURE 5-19 PEAK FLOW VELOCITY CONTOURS AT TECOLOTE CREEK, HYDRODYNAMIC SCENARIO 2
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6.

Conclusions

Hydrodynamic modeling of tides and storm flood flows were conducted in this study in support of the
proposed wetland restoration and water quality projects in the Mission Bay PEIR, the conclusions are
listed below.

6.1.

6.2.

Tidal Hydrodynamics
There is no tidal muting in Mission Bay. Not only do tides in the Bay reach the same elevations as

the open ocean tides, but a slight amplification of the tidal amplitudes occurs, which increase with
increasing distance from the Entrance Channel.

High tides in Mission Bay occur simultaneously with those in the open ocean, while a lag in the low
tides occurs for the east area of Mission Bay with respect to the open ocean. This lag is largest
during spring tides and minimum during neap tides.

No lags were found between high and low tides at either side of the Fiesta Island Causeway.

As there is no tidal muting in Mission Bay so inundation frequency is virtually identical inside and
outside of the Bay. The full range of marsh habitats could therefore be established in the proposed
wetland projects.

Largest tidal current speeds in Mission Bay occur at the entrance channel due to flow constriction.
At this location, ebb currents govern over flood currents with peak magnitudes of about 2.5 ft/s and
1.9 ft/s, respectively.

Tidal currents are substantially reduced at the northeast region of Mission Bay and have
comparable magnitudes during flood and ebb tides.

Poor tidal circulation is observed for areas east of Fiesta Island, where tidal currents remain below
0.1 ft/s even during peak flood and ebb tides.

Extreme Storm Flood Hydrodynamics

Higher peak flow velocities near the mouths of Rose Creek and Tecolote Creek result under
Hydrodynamic Scenario 1, i.e. when peak inflow discharge from each watershed occurs
concurrently with low tides.

Flow velocities have low to negligible sensitivity to the stage of the tide under Hydrodynamic
Scenario 1. Variations in the peak flow velocities among the modeled sub-scenarios were
below 0.3 ft/s for both Rose Creek mouth and Tecolote Creek mouth.

Hydrodynamic Scenario 2 results in significantly lower peak flow velocities at the mouth of
Rose Creek and Tecolote Creek. However, the occurrence of high flow velocities (i.e. 3 ft/s
and higher) is prolonged.

Extreme storm inflows only affect surface water levels at the mouth of Rose Creek and
Tecolote Creek during lower stages of the tide for both Hydrodynamic Scenarios 1 and 2.
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Appendix A
Mission Bay Tide Gauge
Water level records
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Measured Water Levels
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FIGURE A 1 RECORDED WATER LEVELS 08-29-2018 THROUGH 09-18-2018
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FIGURE A 2 RECORDED WATER LEVELS 09-17-2018 THROUGH 10/08/2018
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Measured Water Levels
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FIGURE A 3 RECORDED WATER LEVELS 10-06-2018 THROUGH 10-24-2018
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FIGURE A 4 RECORDED WATER LEVELS 10-26-2018 THROUGH 11-12-2018
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FIGURE A 5 RECORDED WATER LEVELS 11-13-2018 THROUGH 12-01-2018
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FIGURE A 6 RECORDED WATER LEVELS 12-01-2018 THROUGH 12-22-2018
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