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Coastal Hazards Analysis  
 

  

Extreme wave and tsunami run-up and overtopping were analyzed for the ESGS 

North and ESGS South sites being proposed for with the West Basin Desalination 

Project. Hand calculations are given as a lowest order estimate of total water level at 

both sites, followed up by more exact calculations using the Coastal Evolution Model 

(CEM) software. Both hand calculations and CEM solutions are given for present sea 

level and for two extreme scenarios (maximum and minimum) of future sea level rise. 

Accounting for the spatial complexity of shoaling and run-up on the eroded beach 

profiles in front of the ESGS North and South sites produced the highest total water 

levels (TWL) on the bike trail revetment slopes that front both sites for all present and 

future sea level scenarios. However, the crest elevation of the bike trail is sufficiently 

high that only minor overtopping of about 0.4 feet (ft) to 1.4 ft occurs, and only then, 

during the most extreme future sea level rise scenario under CAT-OPC design guidance. 

The overtopping of the bike trail, however, is blocked by the sea wall at the ESGS North 

site, whose crest elevation is at ch = +28 ft to + 29 ft Mean Lower Low Water (MLLW). 

Similarly, the vegetated berm and slopes at the ESGS South site prevent this small 

amount of overtopping of the bike trail from reaching the desalination facilities 

construction pad at +41 ft MLLW. Hence, both sites are protected against overtopping 

and flooding by the 1 percent extreme wave event, (a.k.a. the 100-year storm) even 

when superimposed on the highest predicted sea level for the next 50 years. 

Site vulnerabilities to extreme tsunami were found to be more problematic, 

although the modeled tsunami scenario associated with a seismic-induced landslide on 

the east side of San Clemente Island has never been recorded throughout the Holocene 

to present. Tsunami run-up and TWL inundation calculations using the CEM software 

indicate that the bike trail will be overtopped by several feet of tsunami run-up at both 

sites during both present and future sea levels. At the ESGS North site, the overtopping 

will be blocked by the sea wall, but the over-pour flows will be free to flow around the 

southern flank of the sea wall and cause flooding of the pad on which the desalination 

facility is proposed to be built, which is at elevation +23 ft MLLW. At the ESGS South site, 

tsunami overtopping of the bike trail will run up on the vegetated slopes and berms that 

border the facilities construction pad, reaching peak run-up elevations of + 27.9 ft 

MLLW. However, the facilities construction pad is at + 41 ft MLLW, and hence, the site 

elevation of the desalination facilities at the ESGS South site will be sufficiently high to 

avoid flooding by tsunami run-up, even for the highest forecasted sea levels for 2065. 

The West Basin Desalination Project proposes no structures that would influence 

either sediment transport or wave shoaling, breaking, and run-up processes. Therefore, 

the project causes no impacts to the adjacent shoreline due to sea level rise, or wave-

induced erosion from wave diffraction and reflection from the major components of the 

desalination project and associated structures.
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Figure 1.1: Nearfield bathymetric grid centered on the ESGS site for the West Basin 

aǳƴƛŎƛǇŀƭ ²ŀǘŜǊ 5ƛǎǘǊƛŎǘΩǎ ǇǊƻǇƻǎŜŘ ǎŜŀ ǿŀǘŜǊ ŘŜǎŀƭƛƴŀǘƛƻƴ ǇǊƻƧŜŎǘΦ .ŀǘƘȅƳŜǘǊȅ 

from NOS with survey corrections by Tenera (2007). 

Figure 1.2:  Component layout for the 20-mgd scale West Basin Desalination Project at the 

ESGS North site. 

Figure 1.3:  Component layout for the 60-mgd scale West Basin Desalination Project at the 

ESGS North site. 

Figure 1.4:  Component layout for the 20-mgd scale West Basin Desalination Project at the 

ESGS South site. 

Figure 1.5: Component layout for the 60-mgd scale West Basin Desalination Project at the 

ESGS South site. 

Figure 3.1: The five littoral cells along the Southern California coast. Each cell contains a 

complete sedimentation cycle. Most sand is brought to the coast by streams, 

carried along the shore by waves and currents, and lost through submarine 

canyons to offshore basins [after Inman and Frautschy, 1965]. 

Figure 3.2:  Architecture of the Coastal Evolution Model consisting of the Littoral Cell Model 

(above) and the Bedrock Cutting Model (below). Modules (shaded) are formed of 

coupled primitive process models. (from Jenkins and Wasyl, 2005). 

Figure 3.3: Computational approach for modeling shoreline change after Jenkins, et. al., 

(2007). 

Figure 3.4:  Schematic of summer and winter equilibrium beach profiles, from Inman, et al 

(1993). 

Figure 3.5:  Envelope of variability of measured beach profiles (1950- 1987) at Oceanside, CA 

(shown in grey), compared to an ensemble of elliptic cycloid solutions (colored) 

for selected wave heights and periods for average summer and winter wave 

climate; (from Jenkins and Inman, 2006) 

Figure 3.6: Features of the critical mass of sand: a) critical mass envelope for waves of 1m to 

5m in height; b) volume of critical mass as a function of wave height and 

sediment grain size; c) variation in the thickness of the critical mass as a function 

of distance offshore. 

Figure 3.7: Closure depth contoured versus incident wave height and sediment grain size for 

waves of 15-second period, with 33.0~,0.2~e yK  and m100~o mD . 2D  is 

the shore-rise median grain size; and oD  is a reference grain size. 

Figure 3.8: Equilibrium beach profile a) nomenclature, b) elliptic cycloid, c) Type-a cycloid 

solution. 

Figure 3.9: Three-dimensional rendering of the total solution space of the critical mass. Black 

line corresponds to the solution in Figure 10 for D1 = 225 microns and D2 = 125 

microns. 

Figure 3.10: Critical mass solution as a function of rms breaker height for 12 sec waves 

breaking on variable sediment grain size in the bar-berm D1 and shore-rise D2 

portions of the seabed profile. Curves generated from numerical integration of 

elliptic cycloid solutions. 
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Figure 3.11:  Spectral Width Parameter versus Spectral Peak Parameter. Note Gamma ²1.0 

Figure 3.12: Conceptual Model Showing the Components of Wave Run-up Associated with 

Incident Waves 

Figure 3.13: Determination of an Average Slope Based on an Iterative Approach (Corrected 

from van der Meer, 2002) 

Figure 4.1: Nearfield grid derived from NOS bathymetry used for divergence of littoral drift, 

erosion/accretion and critical mass computations. Depth contours in meters MSL. 

Note Redondo Submarine Canyon in the bottom right hand corner of the figure. 

Figure 4.2: Nearfield bathymetric grid centered on the ESGS site for the West Basin 

aǳƴƛŎƛǇŀƭ ²ŀǘŜǊ 5ƛǎǘǊƛŎǘΩǎ ǇǊƻǇƻǎŜŘ ǎŜŀ ǿŀǘŜǊ ŘŜǎŀƭƛƴŀǘƛƻƴΦ .ŀǘƘȅƳŜǘǊȅ ŦǊƻƳ 

NOS with survey corrections by Tenera (2007). 

Figure 4.3: Far-field refraction/diffraction for broad-scale littoral sediment transport 

calculations in the Santa Monica Littoral Cell based on NOS digital bathymetry. 

Refraction/diffraction based on storm of 13 January 1993 with 3m deep-water 

significant wave heights and 15 sec periods approaching Southern California 

Bight from 2850 

Figure 4.4: Sediment grain size distribution as measured by Coulter-Counter for Santa 

Monica Bay near the El Segundo and Redondo Beach project sites. (From USACE, 

2006, APPENDIX-A). 

Figure 4.5:  Measured beach and shore-rise profiles at the Chevron Groin near the ESGS site, 

(cf. Figure 4.1), monitored by the U.S. Army Corps of Engineers, Los Angeles 

District, between June 1991 and September 1997. Data from USACE, (1999 and 

2001). 

Figure 4.6: Cumulative Residual time series of sediment flux from the Calleguas Creek 

calculated using data from Inman and Jenkins, (1999) with a 52-year mean, 1945-

1995. 

Figure 4.7:  Cumulative Residual time series of sediment flux from the Malibu Creek 

calculated using data from Inman and Jenkins, (1999) with a 52-year mean, 1945-

1995. 

Figure 4.8:  Cumulative Residual time series of sediment flux from the Ballona Creek 

calculated using data from Inman and Jenkins, (1999) with a 52-year mean, 1945-

1995. 

Figure 4.9: Annualized Hydroperiod function, Hi,j , for the 1% combined frequency of 

recurrence of extreme wave heights and water levels, (after Jenkins and Taylor, 

2016). 

Figure 4.10: Refraction/diffraction pattern in the neighborhood of the ESGS site for the 

proposed West Basin Municipal Water District Ocean Water Desalination Project. 

Note the large wave shadow in the region between the Redondo King Harbor and 

the Chevron Groin. Refraction/diffraction calculations based on 100 year wave 

event from the 1 March 1983 storm. 

Figure 4.11: Wave data reconstructed from the far-field refraction/diffraction analysis of CDIP 

measurements. These data used as deep water boundary conditions on the 

nearfield sediment budget and divergence of drift calculations (see Section 5) 
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Figure 5.1: Littoral drift parameters at 220 locations between the Santa Monica Pier and 

Redondo King Harbor, calculated by the calibrated CEM and averaged over the 

24-year period of record (1980-2004). Upper panel: longshore current (positive 

toward the south, negative toward the north). Middle panel: Radiation stress 

(positive toward the south, negative toward the north). Lower panel: gradient of 

longshore radiation stress (positive values are depositional and negative values 

are erosional). 

Figure 5.2: Daily sediment volume flux, dq/dt, calculated by the calibrated CEM from 

Equation (1) and averaged over the 24-year period of record (1980-2004) for the 

reach between the Chevron Groin and Redondo King Harbor in the southern end 

of the Santa Monica Littoral Cell. 

Figure 5.3: Critical mass envelope at historic Chevron Groin survey range, El Segundo, 

calculated by the calibrated CEM sediment budget based on the 24-year period 

of record CDIP monitored waves, Calleguas, Balona and Malibu Creek sediment 

flux APPNEDIX-A, and beach disposal of dredge material from the Marina Del Rey 

Dredging Project, (USACE, 1994 Measured beach profiles from Gadd et al., 2009. 

Closure depth = -15 m MSL calculated from Equation (7). Critical mass volume = 

2,941 m3 per meter of shoreline calculated from Equation (13). 

Figure 5.4: Thickness of critical mass envelope at historic Chevron Groin survey range, El 

Segundo, calculated by the calibrated CEM sediment budget based on the 24-

year period of record CDIP monitored waves, Calleguas, Balona and Malibu Creek 

sediment flux APPNEDIX-A, and beach disposal of dredge material from the 

Marina Del Rey Dredging Project, (USACE, 1994 Measured beach profiles from 

Gadd et al., 2009. Closure depth = -15 m MSL calculated from Equation (10). 

Critical mass volume = 2,941 m3 per meter of shoreline calculated from Equation 

(16). 

Figure 6.1: Aerial Image showing beach width variations south of the Chevron Groin. Note 

uniformly narrow beach in front of the bike trail revetment at the ESGS North 

and ESGS South sites. 

Figure 6.2: Sea wall at the ESGS North Site, crest elevation = + 29 ft MLLW 

Figure 6.3: Bike trail perched atop a rip-rap revetment at ESGS site; crest elevation Z = +22 ft 

to + 23 ft MLLW 

Figure 6.4: High resolution refraction/diffraction computation for a 2m high solitary tsunami 

wave approaching ESGS North and South sites from 165 degrees true. 

Figure 6.5: Tsunami-Induced thickness of critical mass envelope in the nearshore and inner 

shelf region off the ESGS North and South sites, calculated by the calibrated CEM 

sediment budget based a 2m high solitary tsunami wave approaching Chevron 

Groin from 165 degrees true. Closure depth = -53.7 m MSL; critical mass volume 

= 8,663 m3 per meter of shoreline. 

 



Coastal Hazards Analysis Page v 
 

  

Table-6.1: Comparison of Total Water Level (TWL) and Overtopping Rates (q) for Hand vs. 

Software Computations at the ESGS North and ESGS South sites for the proposed 

West Basin Municipal Water District Ocean Water Desalination Project 

Table 6.2: Tsunami TWLs and Mean Run-up Slopes at ESGS North, (bike trail elevation + 22 

ft MLLW, sea wall crest +29 ft MLLW). 

Table 6.3: Tsunami TWLs and Mean Run-up Slopes ESGS South, (bike trail elevation + 23 ft 

MLLW, construction pad elevation +41 ft MLLW). 

 

APPENDIX A: Sediment Characterization from Borings at the ESGS and RBGS Sites 
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Prepared by: 
Scott A. Jenkins, Ph. D.  

The West Basin Municipal Water District (District) proposes to build and operate 

a seawater reverse osmosis (SWRO) desalination plant in the southern portion of Santa 

aƻƴƛŎŀ .ŀȅΣ ǿƘƛŎƘ ǿƻǳƭŘ ǎǳǇǇƭŜƳŜƴǘ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ water resources. The proposed 

desalination facility site is located at the existing 33-acre NRG El Segundo Generating 

Station (ESGS). Two potential scales for project build-out at either site are possible:  

Á A 20 million gallons per day (mgd) project discharging 20.9 mgd of brine 

at 68 parts per trillion (ppt) from the RO facilities of the desalination 

plant and 0.1 mgd of West Basin recycled blowdown water at 35 ppt, 

resulting in a total discharge rate of 21 mgd with 67.84 ppt salinity end of 

pipe;  

Á A 60 mgd project discharging 62.7 mgd of brine at 68 ppt from the RO 

facilities of the desalination plant and 0.3 mgd of West Basin recycled 

blowdown water at 35 ppt, resulting in a total discharge rate of 63 mgd 

with 67.84 ppt salinity end of pipe.  

Presently, these sites offer existing infrastructure that includes a sea water 

intake at: 11S 367,576 m E - 3,752,769 m N; and a seawater discharge at: 11S 367,720 m 

E ς 3,752,820 m N (Figure 1.1). 

On the ESGS property, two project sites are being considered: 1) the ESGS North 

site; 2) the ESGS South site. Figures 1.2 and 1.3 show proposed layouts for components 

of the desalination facility at the ESGS North site for the 20-mgd and 60-mgd scale 

projects, respectively. The ESGS North site is an approximate 8-acre area located in the 

middle of the ESGS property which was the previous site for Units 3 and 4 that were 

recently decommissioned (December 2015). The ESGS North site is bounded on the east 

by Vista Del Mar, on the west by the Marvin Braude Coastal Bike Trail, on the south by 

the ESGS South site, and on the north by newly commissioned Units 5, 6, and 7. Due to 

its previous use for Units 3 and 4, virtually the entire site is a level pad at approximate 

elevation Z = +23 ft MLLW. The important features with respect to a coastal hazards 

analysis site is the presence of a sea wall immediately landward from the bike trail. The 

elevation of the crest of this sea wall ranges from Z = +28 ft MLLW at the north end 

rising slightly to Z = +29 ft MLLW at the south end which is bounded by a fence along the 

boundary with the ESGS site. Other significant shoreline fortifications are the bike trail 

itself which is perched atop a rip-rap revetment at elevation Z = +22 ft MLLW at the 
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north end of the sea wall and elevation Z = +23 ft MLLW at the south end of the sea 

wall. The revetment fortifies a low bluff that boarders the back beach.  

Figures 1.4 and 1.5 show proposed layouts for components of the desalination 

facility at the ESGS South site for the 20-mgd and 60-mgd scale projects, respectively. 

This site is bounded on the east by an existing cutter oil tank which will remain in 

operation, on the west by the Marvin Braude Coastal Bike Trail, on the south by 45th 

Street, and on the north by the northern edge of an elevated level pad that was the site 

of the previous fuel-oil tanks. From this pad, which is at approximately elevation Z = +41 

ft, a vegetated slope falls away to the west to a berm at Z = + 25 ft MLLW. The berm 

then slopes down to the existing bike trail below whose road bed is at Z = +23 ft MLLW. 

¢Ƙƛǎ ǎƭƻǇŜ ǿŀǎ ǊŜŎŜƴǘƭȅ ǇƭŀƴǘŜŘ ŀƴŘ ƭŀƴŘǎŎŀǇŜŘ ŀǎ ǇŀǊǘ ƻŦ bwDΩǎ ǊŜŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻƧŜŎǘ 

for Units 5, 6, and 7. Also as part of that redevelopment project, a landscaped berm at 

elevation Z = +25 ft MLLW was constructed at the south boundary bordering on 45th 

Street. 
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