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Wave Model

In coastal zones and estuaries, both temporal and spatial variations in salinity are controlled by
changes in circulation, waves, tides, precipitation, evaporation, and freshwater inflows. Such
changes in salinity can have major effects on water density and water column stratification, which
can modify circulation patterns [1]. The salinity field can be calculated based on the salinity
conservation equation (Eq S1), which depends on the flow of water in the coast.
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where S is depth-averaged salinity; d is total water depth, gx and gy are flow per unit width in the x-
and y-axis direction, respectively; Kx and Ky are diffusion coefficients of salt in the corresponding x-
and y-axis direction, and P and E are precipitation and evaporation in m/year, respectively.

When exchange with the open sea is restricted within an inlet, tidal range may be the primary
indicator of vertical mixing conditions. However, in open coastal waters, wave action is one of the
main drivers of water circulation along the shore [1]. For Carlsbad, we focus on mixing in an open
coastline with sufficient depth to ignore tidal and other effects, so that mixing is controlled by wave
dynamics.

To study the mixing potential of wave action, patterns of wave energy and orbital velocity are
calculated for the mean conditions for each season and averaged for the year. We used wave model
data for the California continental shelf that provides information on wave heights, periods and
orbital velocities at high resolution for the whole Californian coast including mean and extreme
(top 5%) wave parameters for each season [1,2]. A 15 SWAN curvilinear grids were used to
simulate wind-wave growth and propagation across the inner portion of the California continental
shelf [2]. All grids had an average cross- and along-shore resolution of 30 to 50 m and 60 to 100 m,
respectively, in shallow inshore regions. To enable accurate wave refraction and shoaling, model
grid cells were smaller in the cross-shore direction, in shallow water, and around complex
bathymetry.

As an indicator of water flow, we used the Wave Energy Density (i.e., the total energy per
wave per unit width), which is also related to longshore currents, and is calculated as:
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As an indicator of annual mixing potential, E is calculated by averaging the mean conditions
for each season. Because the North Pacific Ocean can generate extremely large surface waves and
they can vary strongly between seasons and years [3,4], wave energy, in particular, is highly
variable as a result of winter and summer storms and variation is also associated with inter-annual
climate patterns like El-Nino. Therefore, we also map these seasonal variations that can be a key
source of variability of mixing conditions.

In shallow water, the orbital motions of water particles induced by surface waves extend down
to the seabed. Because resulting wave-induced orbital velocities near the seabed are considered to
be representative measures of how waves influence the sea floor, they are a focus of this study [1].
The orbital velocity is used as an indicator of mixing potential at the seabed; mean seasonal values
were obtained from Erikson et al (2014) [2] for each season and then averaged annually, similar to
the wave energy density.
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Water Chemical Properties

Table 1. Mean concentrations (with standard deviation in parenthesis) of Chl 4, nutrients (NOs-, POs,

Si0), and dissolved organic carbon (DOC), and d°C of particulate matter and C/N molar ratio of

particulate matter from each sampling trip. Data separated into control and within the plume

impact areas of the field site, and into bottom and surface water.

Sampling

Water

Chl a

NOs

PO«

SiO

DOC

oBC

Trip Ared  povel  (ugLY) (WMLY) (uMLY) (uMLY)  (uM) o) N
1.33 0.94 0.68 2.68 146.4
Control Surface o6 (038 (023 (081 (32.3) NA - NA
Bottom 127 2.55 0.67 444 124.1 NA NA
December 023) (151 (0.2) (1.79) (19.2)
2014 1.00 2.15 0.44 2.46 151.8
Plume Surface ;13 2.5) ©021) (021 (NA) NA— NA
1.0 1.02 0.41 253
Bottom (0.21) (0.42) 0.06) 0.23) 95.4 (NA) NA NA
Surface 098 117 0.31 0.14 5460  -228 68
Control 019)  (138)  (0.08)  (1.64) (5729  (14) (2.3)
Bottom 056 0.79 0.44 0.11 241.1 NA NA
September 042) (094  (0.59) (1.2) (242.8)
2015 0.83 0.56 0.29 -0.29 5156 225 53
Surface
Plume 035)  (0.24)  (0.05)  (1.36)  (6659)  (5.3) (L1
Bottom 054 0.78 0.40 1.31 648.8 NA NA
025  (075)  (041) (294  (796.3)
surface 207 3.40 0.40 527 238  -23 81
Control 08)  (41) (015 (197  (5291)  (8.1)  (2.6)
Bottom 228 127 0.28 420 901.3 NA NA
May 2016 035  (119)  (0.11) (15  (1107.3)
Surface 12 2.51 0.38 6.11 5200 229 69
Plume 041)  (401)  (023)  (3.08) (7745  (69)  (0.7)
Bottom 15 0.58 0.76 5.99 10869\, Na
024)  (0.64)  (176)  (472) (NA)
Surface 152 1.65 0.64 3.92 2314 -223 72
Control (044) (165  (022)  (3.03)  (4603)  (0.4)  (0.5)
Bottom 1% 0.86 0.63 5.62 58.0 NA NA
November (0.53) (1.4) 017)  (5.96) (27.2)
2016 1.56 0.64 0.71 322 1476 226 74
Surface
Plume 037)  (052)  (0.05)  (139)  (1694) (1.9  (1.3)
Bottom 133 0.39 0.68 2.88 206.7 N
055) (054  (0.06)  (0.64)  (347.7)
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Benthic Macrofauna
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Figure S1. The percent distribution of benthic epifauna counted at the northern (control) and
southern (plume) end of the beach at pre- (Dec 2014 and Sep 2015) and post-operation (May and
Nov 2016).
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Figure 2. Grain size distribution around the discharge zone by the outfall and in the surrounding
sandy area. Smaller Phi values indicate larger grains.



Table S2. Mean growth, weight and turn time (+SD) for brittle stars in control (salinity 33) and the

two treatments with discharge brine after 4 weeks of incubation.

Treatment Arm growth (mm) Body growth (mm) Weight (g)

Turn time (sec)

Control 0.16 (0.1) -0.10 (0.05) -0.01 (0.03) 5.3 (1.3)
Salinity 34 0.04 (0.09) —~0.08 (0.04) 0.006 (0.03) 49(1.2)
Salinity 37 0.04 (0.2) —~0.14 (0.04) 0.02 (0.04) 7.1 (2.6)
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Existing and Proposed SWRO Desalination Plants in California

Table 3. Average wave energy, orbital velocity (+SD) and areal extent of four benthic habitats within a 2 km radius around existing (*) and proposed desalination
facilities in southern California and Monterey Bay.

Plant capacity = Wave Energy Orbital MPAs Eelgrass Surf Grass Kelp (Canopy) Hard Substrate

(m? day) (Jm™) Velocity (km?) (km?) (km?) (km?) (km?)

Camp Pendleton 570,000 240.2 £55.6 0.71+0.3 0.00 0.00 0.00 0.00 0.10

Carlsbad* 190,000 293.6 £36.0 0.65+0.3 0.00 0.00 0.00 0.00 0.65

Dana Point/San Clemente 57,000 155.8 £39.9 0.63 0.2 0.00 0.00 0.00 0.00 0.22

Deep Water Desalination 95,000 24384552  0.64+03 0.00 0.00 0.00 0.00 0.00
(Moss Landing)

Monterey Bay Aquarium* 30 55.5+23.3 0.13 +0.06 1.33 0.00 0.00 0.29 0.80

Monterey Bay Peninsula 34,000 369.2 +120.8 0.85+0.4 0.00 0.00 0.00 0.00 0.00

Moss Landing 45,500 177.0 +30.8 0.21 0.1 0.00 0.00 0.00 0.00 0.00

Sand City* 1,100 135.8 +43.2 0.35+0.1 0.00 0.00 0.00 0.00 0.00
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