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Figure 2.3.11Ful depth composite contour plot (akagat map of AUV measurements of salinity during surveys
of the discharge plume from EOO during ebb tide on 2 March 2021. Average EOO discharge rate = 27.6
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Figure 2.3.19Full depth contour plot (akdjeat map of the Signal to Noise Ratio (SNR) of salinity during AUV
surveys of the discharge plume from EOO during flood tide on 2 March 2021. Average EOO discharge
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of pipe salinity = 0.82 psu; Trapping level (pycnocline deptB%9 m (88.3 ft) MSL; Mean flood tide
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Figure 3.1.10Calibrated CFD simulation of the plume dispersion throughwieer column from SEOO. CFD
simulation calibrated to AUV measurements of fDOM along the track line #3 during flood tide as shown
in Figure 3.1.8CFD simulation based on SEOO discharge rate = 9.5 mgoff-fipd discharge
concentration of fDOM = 206 pg@SU); End of pipe salinity = 1.92 psu; Trapping level (pycnocline
depth) = 38.7 ft MSL; Mean flood tide current = 0.326 m/s (0.63 kts) toward the northwest; Ambient
ocean fDOM concentration at the trapping level=0.45 to 0.65 ppb (QSU).........ccoiiiuiriiiieeiennnnn. 3-13

Michael Baker i
Pageix

INTERNATIONAL



T
@ENCINA FSCO/N\DIDO Plume Tracking Field and Model Analysis of Discharges
RFRSR =~ from the Encina Ocean Outfall and San Elijo Ocean Outfall

City of Choice’

%AN ELIJO i

Figure 3.1.11Full depth contour plot (aka, heat map) of AUV measurements of fDOM during surveys of SEOO
during flood tide on 2%Beptember 2021. Average SEOO discharge rate = 9.473 mgd during flood tide;
Endof-pipe discharge concentration of fDOM = 206.04 ppb (QSU); End of pipe salinity = 1.92 psu;
Trapping level (pycnocline depth) = 38.7 ft MSL; Mean flood tide current = 0.320.83skts) toward
L0 0] 1= P EETP PRSP 314

Figure 3.1.12Full depth contour plot (aka, heat map) of the fDOM signal to noise rahiRj from AUV surveys of
SEOO during flood tide on 23 September 2021. Average SEOOQ discharge rate = 9.473 mgd during flood
tide; Endof-pipe discharge concentration of fDOM = 206.04 ppb (QSU); End of pipe salinity = 1.92 psu;
Trapping level (pycnocline dép = 38.7 ft MSL; Mean flood tide current = 0.326 m/s (0.63 kts) toward
ENE NOMTNWEST. ... e e e e s e e e e e s bt e e e e anba e e e e e abbe e e e e e eneee 3-16

Figure 3.1.13Full depth contour pt (aka, heat map) of the dilution factorlom) of fDOM from AUV surveys of
SEOO during flood tide on 23 September 2021. Average SEOOQ discharge rate = 9.473 mgd during flood
tide; Endof-pipe discharge concentration of fDOM = 206.04 ppb (QSU); Endeo$aiipity = 1.92 psu;
Trapping level (pycnocline depth) = 38.7 ft MSL; Mean flood tide current = 0.326 m/s (0.63 kts) toward
L 0] 1= PSP RR PSP 317

Figure 3.1.14Full depth composite contour plot (aka, heat map) of salinity during AUV surveys of SEOO during
flood tide on 23 September 2021. Average SEOO discharge rate = 9.473 mgd during flood tide; End of
pipe salinity = 1.92 psu; Traing level (pycnocline depth) = 38.7 ft MSL; Mean flood tide current = 0.326
M/s (0.63 kts) toward the NOMNWESL..........ooiiiiiiie e 3-18

Figure 3.115: AUV track lines as flown during ebb tide surveys of the discharge plume from SEQOQO. Ebb tide survey
was truncated to only 3 track lines due to problems with seawater in the fuel of the AUV support vessel.
The total dimension of the AUV surveyed aredlond tide was 2000 m in the along shore direction and
500 m in the crosshore direction or a total surveyed area of approximately 247.2 acres. Note? &k 30
latitude, 1° longitude = 93,453.2 m, whil@ latitude = 110,904.4 M......c..ccoveeverecreeeieeiereceeeeeenens 3-20

Figure 3.1.16Full depth contour plot (aka, heat map) of AUV measurements of fDOM from surveys of the
discharge plume frofSEOO during ebb tide on 23 September 2021. Average SEOO discharge rate =
10.44 mgd during flood tide; Eraf-pipe discharge concentration of fDOM = 206.04 ppb (QSU); End of
pipe salinity = 1.87 psu Trapping level (pycnocline depth) = 38.7 ft MSL; Meéidesbbrrent = 0.373
M/s (0.72 kts) toward the SOUtNEASL..........cooiiiiiiii e 321

Figure 3.1.17Full depth contour plot (aka, heat map) of the fD@Mgnal to noise ratio (SNR) from AUV surveys of
the discharge plume from SEOO during ebb tide on 23 September 2021. Average SEOO discharge rate =
10.44 mgd during flood tide; Eraf-pipe discharge concentration of fDOM = 206.04 ppb (QSU); End of
pipe saliity = 1.87 psu Trapping level (pycnocline depth) = 38.7 ft MSL; Mean ebb tide current = 0.373
m/s (0.72 kts) toward the SOULNEASL............cciiiiii e e e eenans 3-22

Figure 3.1.18Full depth contour plot (aka, heat map) of the fDOM dilution factasql) from AUV surveys of the
discharge plume from SEOO during ebb tide on 23 September 2021. Average SEOO discharge rate =
10.44 mgd during flood tide; Eraf-pipe discharge concentration of fDOM = 206.04 ppb (QSU); End of
pipe salinity = 1.87 psu Trapping level (pycnocline depth) = 38.7 ft MSL; Mean ebb tide current = 0.373
M/s (0.72 kts) toward the SOUtNEASL..........ccoiiiiiiii e 3-23

Figure 3.1.19Full depth composite contour plot (aka, heat map) of salinity during AUV surveys of the discharge
plume from SEOO during ebb tide on 23 September 2021. Average @eharge rate = 10.44 mgd
during ebb tide; End of pipe salinity = 1.92 psu; Trapping level (pycnocline depth) = 38.7 ft MSL; Mean
ebb tide current = 0.373 m/s (0.72 kts) toward the southeast...............ccceeeeiieiiiinee 3-25

Figure 3.2.1SEOO Survey boxes and sampling stations for second AUV deployment, 21 December. 20227
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Figure 3.2.2Sidescan sonar survey of SEOO used to obtain precision coordinates along the length of the pipeline
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Figure 3.2.3Salinity/Temperature/Density depth profiles derived from CTD casts on 19 December 2021 used to
program the AUV survey of the plume dispersfoom SEOO on 21 December 2021 during ebb {3420

Figure 3.2.4Vertical profiles of natural background fDOM concentrationsiswred during the second
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along the-140 ft. MLLW depth contour, cf. yellow dothigure 3.2.1.........ccccoiveeeeeeeeeieeees e 331

Figure 3.2.5Time series of depth averaged current derived from ADCP measurements at SEOQO dutitg ebb
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Figure 3.2.7Full depth contour plot (aka, heat map) of AUV measurements offfY@m surveys of SEOO during
ebb tide on 21 December 2021. Average SEOO discharge rate = 12.63 mgd during flood tidigjifend
discharge concentration of fDOM = 232.8 ppb (QSU); End of pipe salinity = 1.097 psu; Trapping level
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35

Figure 3.2.8Fulldepth contour plot (aka, heahap) of the signal to noise ratio (SNR) of fDOM during AUV surveys
of SEOO during ebb tide on 21 December 2021. Average SEOO discharge rate = 12.63 mgd during flood
tide; Endof-pipe discharge concentration of fDOM = 232.8 ppb (QSU); End of pipe salin@97 psu;
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Figure 3.2.9Full depth contour plot (aka, heat map) of the dilution factorph) of fDOM during AUV surveys of
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Figure 3.2.11Plumes 20 solution of discharge plume trajectories for discharges of 12.63 mgd of SEOO effluent at
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Figure3.3.3:Vertical profiles of natural background fDOM concentrations measured during the third deployment
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Figure 3.3.4Vertical profiles of natural background fDOM concentrations measured during the third deployment
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Figure 3.3.8Full depth contour plot (aka, heat map) of AUV measurements of fDOM from survey® Of &iEing
ebb tide on 3 March 2022. Average SEOOQ discharge rate = 8.806 mgd during ebb tnfepipad
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Figure 3.3.9Fulldepth contour plot (aka, heat map) of the sigma noise ratio (SNR) of fDOM during AUV surveys
of SEOOQO during ebb tide on 3 March 2022. Average SEOO discharge rate = 8.806 mgd during ebb tide;
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Figure 3.3.12Storage rating function of the newly restored San Dieguito Lagoon, (cf. AECOM, 2016,
G 9y @A NRY Y S ypoit/EnvirbnmedtalOripacvSatement for the San Elijo Lagoon Restoration

t Ne2SOGévd yy2il dA2ya Ay oftdz§ RSaA3ayrGS GKS GARIf

during ebb tide 0N 3 March 2022............coooiiiii e 3-60

Figure 3.3.13CORMIXAL1 Simulation of the discharge plume from the San Elijo Lagodng ebb tide on 3
March 2022. Average SEOO discharge rate = 8.806 mgd during eldbniikted:pipe discharge
concentration of fDOM = 204.34 ppb (QSU); End of pipe salinity = 0.71 psu; Trapping level (pycnocline
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Figure 3.3.15Full depth contour plot (aka, heat map) of Abi¢asurements of fDOM from surveys of SEOO
during flood tide on 3 March 2022. Average SEOO discharge rate = 11.851 mgd during flood tafe; End
pipe discharge concentration of fDOM = 204.34 ppb (QSU); End of pipe salinity = 0.71 psu; Trapping level
(pycnodine depth) =26.9 m ¢(88.3 ft) MSL.Mean flood tide current = 0.301 m/s (0.58 kts) toward the
1] 1 1Y PP PPPPPRRPR 3-64

Figure 3.3.16Ful-depth contour plot (aka, heat map) of the signal to noise ratio (SNR) of fDOM during AUV
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flood tide; Endof-pipe discharge concentration of fDOM = 204.3%bQSU); End of pipe salinity = 0.71
psu; Trapping level (pychocline depth)26.9 m (88.3 ft) MSL.Mean flood tide current = 0.301 m/s
(0.58 kts) toward the NOMNWEST..........coiii i e e e e e e e e e e 3-65

Figure 3.3.17Full depth contour plot (aka, heat map) of the dilution factorpfk) of fDOM during AUV surveys of
SEOO during AUV surveys of SEOO during flood tide on 3 March 2022. Average SEOO discharge r
11.851 mgd during flood tide; Exaf-pipe discharge concentration of fDOM = 204.34 ppb (QSU); End of
pipe salinity = 0.71 psu; Trapping level (pycnocline deptBb:9 m (88.3 ft) MSL.Mean flood tide
current = 0.301 m/s (0.58 kts) toward the NOMBST.............ccuiiiiiiiiiiiie s 3-68

Figure 3.3.18Storage rating function of the newly restored San Dieguito Lagoon, (cf. AECOM, 2016,
G 9y @A NE Yy ¥S Repdrt/Envitoivmehtal Impact Statement for the San Elijo Lagoon Restoration
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Figure 3.3.19CORMIX-11 Simulation of the discharge plume from the San Elijo Lagadng flood tide on 3
March 2022. Average SEOO discharge rate = 11.85Humgdy flood tide; Enef-pipe discharge
concentration of fDOM = 204.34 ppb (QSU); End of pipe salinity = 0.71 psu; Trapping level (pycnocline
depth) =-26.9 m (88.3 ft) MSL.Mean flood tide current = 0.301 m/s (0.58 kts) toward the northwe3t.
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Figure 4.1NPDE®ermit monitoring stations for SEOQO, per CA0107999; Order NeZ0 RB0002 and R2018
000 SO EEERSSRR - =7
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LIST OF ACRONYMS AND ABBREVIATIONS

ADCP Acousticloppler current profiler

ARV Air release valve

AUV Autonomous underwater vehicle

CDOM Colored dissolved organic matter

CFD Computational fluid dynamics

CTD Conductivititemperaturedepth

Dm Monthly average initial dilution during minimum month conditions, as defined within the Califc
Dioom Dilution estimated using concentrations of fDOM
EOO Encina Ocean Outfall

EWA Encina Wastewater Authority

EWPCF Encina Water Pollution Control Facility

fDOM Fluoresagcedissolved organic matter

ft feet

HARRF Hale Avenue Resource Rec&aeility

hr hours

IMU Inertial motion unit

in Inches

kts Knots (nautical miles per hour)

M Meter

m/s Meters per second

MF Membrane Filtration

mgd Million gallons per day

mg/L Milligrams per liter

MLLW Mean low low water

MSL Mean sea level

NPDES National Pollutant Discharge Elimination System
ppb parts per billion

ppt parts per trillion

psu Practical Salinity Units

QSuU quinine sulfate equivalent units

RFU Relative fluorescence units

RO Reverse Osmosis

RWQCB | Regional Wat@uality Control Board, San Diego Region
SCB Southern California Bight

SEJPA San Elijo Joint Powers Authority
SEOO San Elijo Ocean Outfall
SEWRF  San Elijo Water Reclamation Facility

SNR Signal to noise ratio
SWRCB State Water Resources Cdianid
ZID Zone ofnitiadilution
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EXECUTNG&UMMARY

Regional Water Quality Control Board (RWQCB) Order NBOEB0002 (NPDES CA0107981) regulates
the discharge of wastewater from the City of Escondido to the Pacific Ocean via San Elijo Ocean Outfall
(SEOO). RWQCB Order No28B30003 (NPDES CA0107988julates the discharge of wastewater

from the San Elijo Joint Powers Authority (SEJPA) to the Pacific Ocean via the SEOO. RWQCB Order No.

R920180059 (NPDES CA0107395) regulates the discharge from the Encina Wastewater Authority (EWA)
to the Pacific Ocan via Encina Ocean Outfall (EOO). In accordance with plume tracking monitoring

requirements established by the RWQCB in the SEOO and EOO NPDES permits, in June 2020 the SEJPA,

City of Escondido and EWA submitted a Plume Tracking Monitoring Plan (PThhe)3&OO0 and EOO.

The PTMP identified plume tracking monitoring questions to be addressed and presented a monitoring
LX Yy FYyR FLILNRIFOK FT2N) I RRNBaaAy3d (GKS Y2yAili2NARy3
SOGARSY OS¢ | LILINRUMS ovamemiant iaciudeBoatbasetimadnitoring conducted by

the outfall agencies in conjunction with datallected by Michael Baker Internationdi¢hael Bakervia
boat-mounted sensors and sensors @motely controlled underwater vehicles. This rejoresents the

results of data collection effortisy Michael Bakefrom three deployment events per outfall.

The joint PTMP recommended similar monitoring approaches for the SEOO and EOO, as the two outfalls
have similar designs, discharge characterssténd receiving water characteristics. Additionally, both
outfalls feature seasonally varying flows (higher discharge flows during winter months and lower
discharge flows during summer/fall month3)able 1 summarizes outfall features and typical discharge
flows for the SEOO and EOO.

Tablel: Comparison of SEOO and EOO Features

Parameter SEOO EOO
Totalutfall Length: 80 feet 7,800 feet
ApproxDiffuser Length: 1,200 feet 800 feet
Discharge Depth: 110i 148 feet 165i 168 feet
Approx. Ay Annual Discharge Flow: 11 mgd 25 mgd
Assigned Initial Dilution: 237:1 144:1

In accordance with the monitoring approaches set forth in the SEOO/EOO PTMP, support field studies
using autonomous underwater vehicles (AUVs) and fooatinted sensors were conductdry Michael
Bakerin September 2021 f1Deployment) December 2021 (2 Deployment)and March 2022 (3
Deployment) Key data gathered during these studies includatinity and colored dissolved organic
matter (CDOMI | YR A (0 Qa vihidN3\Re Pdrtidn 8f CO@VhttatTluoresces

AUV deployments were selected taldress typicalfall conditions of maximum or nearmaximum
stratification, typical spring conditions of minimum or mratification, and atypical (post storm)
conditions. As shown iifable 2, the I Deployment was selected to be characteristic of typicil
conditions under maximunor nearmaximumstratification, the 2¢ Deployment date was selected as
representative of atypical (post storm) condit® and the 3 Deployment was selected to be
characteristic of typical spring conditians
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Table2: Summary of Comparison of SEOO and EOO Features

Deployment Date Conditions to Be Assessed
1st: Septembet021 | Typical Conditiorizall conditions of maximmumeamaximurstratification
2nd: December 202] Atypical Conditiooststorm conditiomsth fgterthanaverageutfall discharge
flowsand runoff
3rd March 2022 | Typical ConditioSgring conditewhere strong pycnocline is absent

As part of the deploymentsalinity and fDOM were trackeatross459to 988acres of oceasurrounding

the EOO and SEQ® an Iver3 autonomous underwater vehicle (AUV) supported by 15 to 18 stationary
monitoring statioms usingfDOM sensors, conductivifytemperature/ depth (CTD) sensors aadoustic
doppler current profilers (ADCP#dvantages to samplintpe EOO and SEQ@th an AUV includethe
ability to run preprogrammedsurveytrack lines to efficiently cover a large survey area with high density
sampling that produces as many &@®@0to 68,500separate measurementsf fDOMandsalinity. These
AUV survey results produdeghresolution, threedimensional data modslof the oufall plumes and
receiving waters.

Sgnal detection theorywas usedto differentiate betweenwhat may be identifiable as theutfall
discharge plume and the surrounding ambient water mass. Pldetectability was approached aa
signatto-noise problem whih is measured by the signal to noise rattép ;Ywhere the noise is the
ambient (aka,natural ocean backgroundconcentrations of salinitpr fDOM; and the signal is the
difference between the ambient concentrations of salintyfDOM and the measurecbncentrations of
salinity or fDOM Signal detection theory teaches that the lowest order significance threshold for
detection arises wheiY0 'Y p.

During the first AUV deploymegt21-23 September 202Inatural ocean background levels of fDOM were
elevated in the range of 0.6f4arts per billion Ppb) to 0.77 ppb.With these high ambient fDOM
concentrationsthe highestSNRof any fDOM feature anywhere in tf888.4acres of ocean water ass
surveyed around the SEOO was onfyr aYy e 0.68to 0.70 which does not meet the lowest order
significance threshold for detection, naméloY 1. Because of the high natural receiving water
concentrations of fDOM during this Septbar 2021 deploymentSNRowm ratios were insufficient to
detect or reliably discermemnants ofeither the SEOO discharggumes. However, the EOO was
discharging about 2.5 times more effluent than the SEOO,SiMiEin the 988.4 acres of ocean water
mass surveyed around the EOO reachéltlSNR,,,, (1.5 inseveralsmall plume remnanttocated
between 33 m and 588 nof the downstreamside of the EOO diffuseDilution factors in these plume
remnants were no less than 260:1, or about 80.5% higher tharassigned minimum month dilution of
Dm = 144:1 established in the currddPDES permfor the EOQNo. CA0107395; Order No.-RE.8
0059)

Based on fDOM patterns measured during the first AUV deployments, the resolution of the survey pattern
was increased bg factor of 2.4during subsequent deployment$his was accomplished Bducing the
distance between survey track lines and increasing the number of track lines from 5 koW2ver,
because the battery capacity of the Iver3 AUV limited the total distance traveled to about 2thé&m
length of each track line was reduced uéigrg in a reduction of the total area survey&fdm 998.4 acres

to 494.2 acres
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The second AUV deployments-20 December 2021 occurreafter passage of a dry cold front that
brought strong onshore windshe week prior This represented posttorm conditions that were
sufficiently safe for AUV deployment. During this deployment periathral ocean background levels of
fDOM dropped tapproximately0.3 ppb. With these reduced background fDOM concentratisingjular,
large fDOM featurswere discovere®@68 neters (m)to 394 mdown-drift in the shore parallel direction
from both the EOCand SEOAiffusers. Thesignal to noise ratiosf these fDOM featuresanged from

Y oY e 1.2 along the outer perimeter of the suspected plume remnants, to as highixs e3
inthe inner core of the suspected plume remnants, thereby readily satisfigmipwest order significance
threshold for detection (i.e.;"Y OY 1). This detection metrigs indicative of theorobablepresence

of remnantsof the EOO and SEOQO discharge pleinieli a K2 dzf R 6S y2G0SR GKFG GKA:
based exclusively on fDOMue to the relatively small variation between discharge salinity and ocean
background salinityit was concludedthat salinityis an unsatisfactory tracer of th@lumes becausat
always producd signal to noise ratiwseveral orders of magnitude less thanity.

Additionally, it should be noted thahe use offDOMas a tool for plume detectioassumeghat natural
concentrationsof fDOM in receiving waterare homogenous In reality, receiving water fDOM can

naturally vary from location to location, gending on time of yearocean conveyance conditions, and

proximity to shorebased sources or offshore sources. As a result of these factors, plume detections that
NEfte SEOfdzaA@Ste 2y F5ha REFEGE FNB | LILINE LUNXK £G5St @
detections.

The discovery opotential plume remnans during the December 2021 fDOM surveiecated several
hundred meters dowrcurrent from the EOO and SEOOthe shore parallebr upcoast/downcoast
direction) promptsthe question of whether thee plumeremnantshad beendetected subsequent to the
completion of initial dilution. The initial approach to this question invotieerforminginitial dilution
simulatiors with Plumes 2QUM3), the latest update to the Visual Plumes (UMdution mode| using

actual ambient currents on 20-21 December 202Tor the EOOand SEOOUnder these modeling
conditions, initial dilution was determined to be completed in the immediate vicinity of the SEOO and
EOO. The EOO initial dilution wsimulaed in excessof 310:1, while the SEOO initial dilution was
simulated in excess of 390:Based on collected f{DOM datidne plume tracking study of theOO and

FE 00 dischargeon20-21 December 2021 indicates that the discharge plume can sp@atahundred
metersbeyond the EOO and SEOO diffusers. As would be expected, dilution would continue to increase
as discharge remnants are dispersed and carried downstream. By the time the discharges are carried
more than 100 meterslown current fDOMderived diutions at the SEOO exceeded 766:1 and dilutions

at the EOCexceeded38:1.

The third AUV deploymesat SEOO and EOO o3 RBarch 2022 utilized a slightly modified AUV survey
pattern having the same horizontal resolution as that used during the sedepdyments butincluded
100 m of overlafbetween the ebktide and floodtide survey boxe@ the longshore directionin order

to increase resolution of any suspected plume remnants found close to the outfall diffiisesoverlap
reduced the total area sueyed during the third deployments to 459.3 acréke third AUV deployments
occurredabout 32 hoursprior to the arrival of an extratropical frontal cyclone, approaching from the
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northwest that generated strong southward flowing widdven currents, which when combined with
tidal currents and wave surggsoducedstrong velocity shear across tioetfall discharge areacausing

the dischargeto break up into small fragments. Furthermore, the water column exhibitedar,
continuous stablestratification between the sea surface and the seabed, resulting in a deep trapping
level that arrested initial diltion at a relatively short distance above the seabednbient fDOM
background concentrations were low, ranging between 0.170 ppb and 0.279dppbg the third
deployments,favoring detection of any plume fragments that survived in the strong current shear
However the plume was not detectable at the SEOO and smigll fragments of a plume wepossibly
detectedat the EOQhat werelocated 332 m to 670 m doweurrentfrom the EOO diffuser in the shore
parallel direction. Minimum dilution ratios in thegdume fragments wre never less than 477:1

While evidence of the SEOO discharge was difficult to digh@ing the 2 March 2022 deploymerthe
presence of theebb-tide discharge from the San Elijo Lagasas strongly evidentThe fDOM feature
identified asa discharge from théagoon was substantial, comprised of 14,000 to 15,000 separate fDOM
measurements with a sharp frontal boundary located 579 m to 686 m inshore of the shoreward end of
the SEOO diffuselhe conclusion thathe source of the fDOM émt wasebb tide discharges from the

San Elijo Lagoonas verified by CORMIXLt simulations of shoreline discharges at the location of the
inlet to San Elijo Lagoon amdpported by field observations of a red tide located inshbeginningalong

the 60ft depth contour.

Charge QuestiorBased orthe June 2020 joint PTMP for the SEOO and EOO, along with plume tracking
requirements in the SEOO and EGPDES permitRWQCB Order Nos. 20180002, R20180003,

and R920180059, the plume tracking programvas intendedto address, at minimum, the following
guestions:

(1) Are the current monitoring locations and methods adequate to determine whether the
wastewater plume is encroaching on water recreational areas, including, but Inoited to,
areas used for swimming, scuba diving, surfing, and fishing? If not, what monitoring locations
and/or methods are more appropriate?

Based on the findings of the plume tracking field studies in September 2021, December 2021 and March
2022,the wastewaterplumes were never found inshore of the shoreward end of the either the SEOO or
the EOO diffusersWhat is discharged offshore remains offshore.

The presentday monitoring stations for the SEO®igure4.1) and EOQFigure2.1.1) are more than
adequate toconfirm thatthe outfall wastewaterplume isnot encroaching on water recreational areas
No additional monitoring stations are required for that purposaurther, evidence that the outfall
dischargsremain offshore is sufficiently strong as to question why sHmsed monibringis required at
all. The lack of need for such shebased bacteriological monitoring as part of the SEOOEOMPDES
outfall permits is supported by the fact that the existing neore SEO@nd EOQreceiving water
monitoring stations (located betweethe shore and the outfall discharge point) consistently show
compliance with Ocean Plan body contact recreational standards.
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SEOOplume tracking measurements using an AUV ngwexducedevidence of the discharge plume
further than 329.8 m (1,082 ft) frotihe SEOOQ diffuser in a shore parallel direction. The criteria for plume
detection were based on signal detection metrics that require the measurements of a plume tracer must
have a signal to noise ratio of at least unity in order to identify the presehdege plume.As a result, it

may be concluded thahe SEOO inshore monitoring stations T and S stations) are best suitéor
monitoring effects caused bghoreline discharges$n support of this conclusionhé inshore AUV survey
plume tracking meagements in March 2022 deteetithe discharge of the San Elijo Lagoon whose frontal
boundary was along the 60 ft MSL depth contour in the vicinity thedditoring stations irFigure4.1.
Additionally, eliminating theoffshore sampling pointgreater than 2,000 ft away from the outfal
warranted ano evidence of the discharge was obserfedher than 329.8 m (1,082 ffyjom the outfall

EOO pume tracking measurementsf fDOM and salinitysing AU\sensorsever found evidence of the
discharge plume further than 669.8 m (2,197 ft) from the EOOQ diffuser in a shore parallel direction. The
plume was never found inshore of the shoreward end of the EOO diffuser. Based on this finding, the
present disposition oftte NPDESffshoremonitoring stations for the EOO (blue triangle$-igure2.1.1,
Figure2.2.1, andFigure2.3.1) appear to be adequatto determine whether thewastewater plume is
encroaching o water recreational areas

(2) Is the removal of th&EOCsurf Zone monitoring location-6 (historical) still appropriate?

Based on the findings of the plume tracking field studies in September 2021, December 2021 and March
2022, removal of the Surf Zonmonitoring location % (historical)remainsappropriate Further, as
documented above, available evidence indicates that the SEOO and EOO discharges remain offshore
(carried upcoast/downcoast), and that shdvased discharges remain near the shore (atsoried
upcoast/downcoast). As a result, SEOO and EOO shore stations appear to be of little use in assessing
outfall discharge effects and instead the stations record effects from shased sourcesRemoval of

SEOO Surf Zone Statio6 % appropriate

(3) How does the brine discharge from the MFRO Facility and San Elijjo Water Reclamation
Facility and future brine discharges (along with increased recycled water use and decreased
outfall discharge flows) affect the dynamics of the wastewater plume andial dilution?

This question is being further evaluated as part of a SEOO initial dilution study that is being performed
pursuant to requirements in Order Nos. 29180002 and R20180003. Data developeds part of

initial dilution modeling performedh this plume tracking study, however, indicate thatine discharges

from the MFRO Facility and San Elijo Water Reclamation Fadillihave not havea significanteffecton

the dynamics of the SEOO wastewater plume and initial dilut®imilarly, existing and proposed brine
discharges to the EOO are unlikely to discernibly affect initial dilution.
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(4) Does the wastewater plume have the potential to interact with wastewater plumes from
other ocean outfalls or other sources of pollutionych as storm water and outflows from the
San Elijo Lagoon?

Based on the findings of the plume tracking field studies in September 2021, Decembgar2dR®arch
2022, the SEOO and E@@stewater plume have no potential to interact witheach other or with
wastewater plumedrom other ocean outfalls or other sources of pollution, such as storm water and
outflows from the San Elijo Lagoon Agua Hedionda Lagoohhe plume tracking measuremen(isver
66,000 measurement pointsjever found evidence of the SE@@charge plume further than 329.8 m
(1,082 ft) from the SEOO diffuser in a shore parallel direcéind nofurther than 669.8 m (2,197 ft) from
the EOOQ diffuser in a shore parallel direction. At either outfall, the wastewater plumes were never found
inshore of the shoreward end of either the SEOO or EOO difug’dV survey plume tracking
measurements of fDOM in March 20@&sented convincing evidence of the shdra@seddischargdrom

the San Elijo Lagoon whose frontal boundary wakected at a distace 685.9 m (2,250 ft) shoreward of
the shoreward end of the SEOO diffuser during ebb tide near the 60 ft. MSL depth coftautagoon
discharge, however, did not impinge on the SEOO discharge.

(5) What is the fate of the wastewater plume in typical dratypical oceanographic conditions,
and when and under what conditions is the wastewater plume no longer distinguishable from
ambient receiving water?

The plume tracking field studies in September 2021 were conducted under tygieasummer/fall
oceanogaphic conditionsvhenthe water column was strongly stratified, forming a th&yer water mass

with a welldefined pycnocline at 8 m deptk26.2 ft. MSL)Ambient background concentrations of fDOM

were relatively highaveraging 0.639 ppb to 0.776 pptWith the high ambient fDOM concentrations

under typical summer oceanographic conditions, the discharge plumes of the SEOO and EOO could not be
distinguished from the ambient receiving wateékdditionally, salinity wasofindto be useless as a plume

tracer due to its low signal to noise ratio at the point of discharge.

The plume tracking field studies in December 2021 were condwftedthe passage of a dry cold front
(poststorm conditions}hat included high windsAt this time,a cold, nearly homogeneous surface layer,
(about & C cooler than during the first deployment in September 2@Xi3teddown to approximatelya

25 m depth, while the bottom layer remained about the same temperature as in September 2021.
Corsequently, the water column during December 2021 was only weakly stratified (i.e., less stable) and
the trapping level rose twithin 4 mof the sea surfaceHoweverambient background concentrations of
fDOM were relatively lowaveraging 0.294 ppb to (18 pph Due to the low ambient fDOM
concentrations the discharge plumes of the SEOO and EOO could be distinguished from the ambient
receiving wateusing fDOMwith high signal to noise ratiagaching’Y 0Y e 2.46in the inner core

of the SEOO wastewater plume locatg2B.8m (1,082 ft)downstream of theSEOO diffusem a shore
parallel direction; ands high asSY oY = 3.39 irthe inner core of the EOO wastewater plume, located
393.9 m (1,292 ft) downstream of the EOOukiirin a shore parallel direction.
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The plume tracking field studies in March 2022 were condutiecharacterizdate winter/early spring
conditions. TheMarch 2022conditions included aold bottom layer having temperatures ranging from
11.# C at the sabed warming rapidly to 13C at 3 m above the seabed, and then warming almost linearly

to 14.7 C at the sea surface. The salinity reached 33.7 ppt near the seabed, declining to 33.48 ppt at
approximatelya depth of-27 m MSl.and then remained nearlyonistant between27 m depth and the

sea surfaceThe density profile during the third AUV deploymerpresenteda continuously stratified

water column rather than a twdayer system as prevailed during the first and second deployments in
September and Deenber 2021 Conseguently,the trapping levetluring March 2022vas deep, at a depth

of -26.9 m {88.26 ft) MSL, which is more typical of a werase dilution scenario, because initial dilution

is arrested relatively close to the seab&thnethelessambient background concentrations of fDOM were

low averaging 0.170 ppb to 0.279 ppb due to reduced biological activity in the cold water with short
daylight hours compounded byhe absence of recent rainfall. In spite of the low ambient background
concentations of fDOM, the plumes remained difficult to distinguish from the ambient receiving water
because of strong currents in the presence of an approaching extratropical frontal cyclone from the
northwest. Mean currents (on the order of 1 kts) were flogvishoreparallel in combination with
transient wave surges as high as 1.53 kts flowing obliquely to the mean current, thereby exposing the
wastewater plumes to high velocity shearing rates. This shearing by the ambient currents broke up the
wastewater plunes into small fragments. Small plume fragments with signal to noise ratios
"YOY e 2.3 inthe inner corewere only detected at the EOO, located 669.8 m downstream of the
EOO diffuser in a shore parallel direction. No plume fragments could leetddtat the SEOO during the
March 2022 AUV surveys

(6) What parameters are most useful for assessing the presence of a wastewater plume?

The AUV deployments indicated that fDOM can be an effective parameter in indicating the possible or
probable presene of remnants of the SEOO and EOO discharges. Bacteriological parameters (e.g., fecal
coliform and enterococcus) can be combined with fDOM to prositdigitionalevidence of the presence

of the discharge plumes.

At present, small, lowpower electronic sesors capable of being carried aboard an AUV are only capable
of measuring potential plume trace such as salinity and fDOM (the component of colored dissolved
organic matter that fluoresces). Salinity was found to be useless as a plume tracer. Sigysétmatios

of salinity measurements during the plume tracking study never exceed@&d e 0.008. This is due to
fact that effluent salinity at the point of discharge is typically about 1 todsg compared withnatural
background ocean salinity whi@averages 33.590; so thatthe signal to noise ratio of salinibt the point

of discharges on the order ofY (Y 0.96 less than the threshold of detection by signal detection
metrics.On the other hand, effluent fDOM at the point of discharggyscally in the range of 200 to 300
ppb, significantly greater than natural background ocean fDOM which is typically in the range of 1 ppb
Consequentlythe signal to noise ratioof fDOM at the point of discharge is typically no less than
"Y oY 199. Signal to noise ratios of fDOM features believed to be the wastewater plume were
found to be in the range o¥ 0Y e 2 to 3. This means the fDOM concentrations of features believed
to be the wastewater plume were-3! timesgreater thanthe ambient background fDOM concentrations
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(7) What is the variability in the degree of initial dilution that occurs under typical and atypical
oceanographic conditions?

The plume tracking field studies that were conduciadSeptember 202Linder typicallate summer
oceanographic conditionsere unable to detect the wastewater plumes from either the SEOO or the
EOQdue to high ambient concentrations of fDOM. Therefare conclusion could be drawn regarding
the degree of initial dilution theoccurs under typicdate summerceanographic conditions

The plume tracking field studies in December 2021 that were conducted under typical dry weather winter
oceanographic conditiondetected fDOMeatures of the SEOO wastewater plume having dilution ratios
as high a811:1in the inner core of the plume, or a factor of 1.3 times greater than the minimmanth
dilution of Dm =237:1 assigned irthe current NPDES perriOrder Nos. R20180002 andR92018

0003. At the EOQdilution ratios of the fDOM featuref the wastewater plumevere reverless than
215:1in the inner core of the plume, or a factor 1.5 times greater than the minirmonth dilution of

Dm = 144:&ssigned withirthe currentEOCpermit (OrderNo. P-20180059).

The plume tracking field studies in March 20&@#incided withworst case(maximum trapping depth)
oceanographic conditionsThe March 2022 field studiesere unable to detect the wastewater plume
from the SEOO due fuigh ambient currents and surges that sheared the plume into small undetectable
fragments.At the EOQobservedDOM-deriveddilutions of wastewater plumdragments were at least
477:1in the core of the plume fragmestor a factor of 3.18 times greatehdn the minimummonth
dilution of Dm = 144:assigned withinhe EOONPDE®ermit (OrderNo. ®-20180059).
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1 INTRODUCTION

This is a field studip address questions established in the SEOO and EOO NPDES permits and with the
joint SEOO/EOO PTMP. Many of the key PTMP questions relatavtdar away from the point of
dischargecan the SEOO and EOO discharges be recognizable from ambient recateing w

Two effluent properties are used @ddress the PMPquestions:salinity and colored dissolved organic
matter (CDOMY 2 NJ A (0 Q& & dzNNE 3 I (in®f CDOM thak flusgsdsce@nkaveragefDONK S LJ2 NI
makes upbetween 85% an®1% of the total COM in ocean waters, (cf. Cobble, 200@hd so its
concentrations are reasonably representative of CDOM concentratieffisent salinityat the point of
dischargeis typically aboutl to 1.5 parts per trillion ppt), which issignificantly smaller than thnatural
backgroundcean salinitywhich averages 33.5 ppt over the letggm. On the other hangeffluentfDOM

at the point of discharge igpicallyin the range of 20@o 300 ppb, significantly greater than natural
background oceafDOMwhich is typically in the range afppb. Consequently, sithe effluent dilutes
with increasing distance away from the outfall, the effluent salinity increases while the effiD€
decreases, untiboth these effluent properties become indistinguishable from the natural ocean
background. The decisive question in this regard is whether the effigatistinguishable frorambient
ocean watemeyond the immediate discharge zarkhis question can banswered quantitatively using
signal detection theorywhich is a calculusto differentiate between informatiorbearing patterns
(referred to assigna), andrandom patterns that distract from the information (calladisé. Noiseis the
result of natural background variabilitrandom environmentalactivity, or limited £nsor resolution
Detectability is a signdb-noise problem which is measured by the signal to noise ratio, @NReterson,

et al., 1954, where the noiseis the ambient(aka,natural ocean backgrounaoncentrations of salinity

or fDOM and the signal is thdifference between the ambient concentrations of salinity fDOM and

the measured concentrations of salinity fDOM, (cf. Stanislaw & Todorov, 199%vritten as

"YOY —— (for effluent salinity measurementahere’Y Y )

K
=L [0 PP P O PP PPPPSPPPPPRY (1)
"YOY - (for effluentfDOM measuremers)

K

Here,"Y h QO x are the ambientigatural ocean backgrournaoncentrations of salinity arffdOM as a
function of location and time, respectively; afid h"QO0 are the measured concentrations of
salinity andfDOMat any arbitrarydistancegy from the point of dischargdt is important to understand
that Y h"QO®0  are not purely signal, but rathemre comprised ofsignal overlaid on noise.
Consequently,fi"'Y0O 'Y p, the signal strength matches the strength of thackgroundnoise. Signal
detection theory teaches that significance thresh@dd detection arises whefiY0 Y p, (cf.Schonhoff
& Giordano, 2006)the salinity or fDOM signal from the outfall musé at leastas strong aghe
backgrounchoise in order fothat outfall signal to be considered having beerdetected. In other words,
the threshold for detection is achieved wh™ pAc Y and"QO0 ¢QO0 .
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Given the order of magnitude characteristic values of ambient vs. effluent samitfpOM cited above,

the SNRat the point of dischargef salinity is on the order 6¥0Y  0.96. Therefore, the effluent salinity

is probably not a good signal for tracking a treated wastewater plume sinceNRr salinity is less than
unity evenat the point of dischargelhis assumption is studied in detail in Sections 2 & 3 by generating
maps of the SNR of salinifseferred to as heat maps) derivdtbm AUV measurements of the salinity
field over areas of 500 to 1000 acres around Ergcina ad San Elijo Ocean Outfalls.

For the order of magnitude estimates of ambi¢BOM and effluenfDOM given abovehte SNRof fDOM
at the point of dischargestypically no less thai GY 199 Therefore, beginning from the point of
discharge and extending outward into the receiving waters, the signal of the efflD&i¥! is intrinsically
more detectable than the effluent salinity signal becausefldb®M initiates dilution and dispersion with
a S\ Rat least two orders of magnitude greater than that of effluent salinity.

As the effluent dilutes with increasing distance away from the outfallSN&ecreases and the effluent
is no longer detectable once tf@&NFRbecomes vanishingly smal¥,0 "Y° 1t The dlution factor and SNR
are related. The Ocean Plan definition of dilution fac€@r, is parts seawater per parts effluent, which is
calculated as:

(0] “K— p (for effluent salinity measuremenishere’Y X)

o RSOOSR )
(0] : p (for effluentfDOMmeasurements)

where Y  h'QO0 are the salinity andfDOM concentrations at the point of discharge,

@ 1 Combining equations (1) & (2) allows the dilution factor dilution factor to be calculated directly
from the SNRor.

(0] 4 p (for effluent salinity measurementshere'Y Y)
K
=TT RS ERPR OSSR 3)
(0] - p (for effluentfDOM measurements)
K

Inspection of equation (3) indicatdéisat asthe effluent dilutes with increasing largerdistancesfrom the
outfall, that the dilution factor becomes infinitéQ O k , asthe SNRobecomesvanishingly small,
YO Y T

To determine the natural background values of salinity @M on the day of the field measurements
reported in this studyyertical profiles across the entire water column of salinity HH®M are conducted
at fixed-point monitoring locations positionedp and down coast and on and offshorecaftfall diffuser
locations. To determine the signal strength of the effluent saliaitdfDOM, arautonomous underwater
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vehicle (AUVEquipped with conductivity/temperature/dept{CTD)sensors and an fDOM senseas
deployed tonavigate search patters that extend several kilometeewvay fromthe outfalls

1.1 FLUIDMECHANIGSND REGULATOBRTANDARDSEFFLUENT DILUTION

Because treated wastewater is buoyant in seawater, discharges frorBE@O an&OOare regulated

under Provisions I11.C.4¢) of the @liforniaOcean Placf. SWRCB, 2019 particular, theoresentday

NPDES permitsere drafted for consistency with Requirement 111.C.4(b) as it would apply to a Zone of
Initial Dilution (ZID). The California Ocean Plan defines the ZID as the zone in which the process of initial
dilution is completed. Initial dilution is defined in Appixl of the CAcean Plaas follows:

GLYAGAL € S5AfdziAzy A& (GKS LINRPOSadaa oKAOK NBadzZ (a
wastewater with ocean water around the point of discharge. For a submerged buoyant discharge,
characteristic of most micipal and industrial wastes that are released from the submarine

outfalls, the momentum of the discharge and its initial buoyancy act together to produce turbulent
YAEAY 3£

Provision 111.C.4(d) of the Ocean Plan requires that minimum initial dilutioretegndined in a specific
manner:

GC2NJ GKS LidzN1}2asS 2F GKA& tflFysS YAYAYdzY AYAGAFE |
any single month of the year. Dilution estimates shall be based on observed waste characteristics,
observed receiving wat density structure, and the assumption that no currents, of sufficient
AUNBY3IGK G2 AyFidsSyoOS (GKS AyAGALIt RAfdziA2y LINR O

The current NPDES permit for the EQ.(CA 0107395, Order No.-R¥180059 assignsa minimum
initial dilution ratio of #4:1 at 43.3million gallons per dayr{gd) during dry weather and 52.6 mgd during
wet weather. Onhe other hand, thecurrent NPDES permsitor the SEDO (Order N&. R320180002 and
R920180003) assigra minimum initial dilution ratio of 237:1 at 25.5 mgd of secondary effluent plus brine
wastes from its Membrane FiltratiaiMF)/ Reverse Osmosis (RO) Facility. These minimum initial dilution
ratios arecalculated: (i  GrapBng eved R duhdstyhanth conditons perProvision I11.C.4(b) & (d)

of the Ocean PlarThe traping level refers to the height in the water column above the point of discharge
where the buoyant discharge plume ceases to rise further,Hicfure 1.1.1). The trapping leveimay
become the sea surface duringnter conditionswhen the water column is wethixed from the sea
surface down to the seabedo understand thelynamics ofrapping layers, consider a buoyant plume as
shown schematically iRigurel.1.1. Theeffluent is initially discharged at high velocity fianany small
diameter discharge ports, creatinlge same number ofurbulent jets. Upon discharge, the momentum
flux of these turbulent jets dominates over theioyancy of the treated wastewater effluent, and the jets
follow an initial trajectory along the axis of tlgfuser discharge ports.
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Figurel.11: Schematic diagram of the rising wastewater plyaecaking at the pycnocline (trapping level) and spreading laterally
along the base of the pycnocline under the influence of its residual momentum and internal wave mass transport.

As the trajectory of the jets extends outward from the diffuser ports, dieameter of each jet expands
until merging with its neighbor, as shovechematically irFigure1.1.2. The largeturbulent eddiesare
producedastheseturbulent jets undergo axial expansion during the initial phase of discharge. These
turbulent eddiedilute the jet momentumuntil the momentum flux is diminished less tharthe effluent
buoyancy typically at the point of jet merging. Once the effludmoyancy exceeds the momentum flux
during the jet merging, the discharge beconaesonvectiveplumethat risesin the water column. As the
eddies and convective circulatiarf the plumeentrain more and more of the surrounding water mass,
the plume becomes dilute@nd the buoyancy declines until the plume no longer rises further in the water
column. This typically occurs at a density interface in the water column referred to gsytinecling
usually formed between two water masses, the warm surface mixed layer and the colder bottom water.
The pycnocline forms @mapping layer and the residual turbulent momentum of the plume causes it to
spread out horizontallyAt the discharge depthsf the SEOO and EOO, the pycnocline (sometimes
referred to as a thermocline, since temperature is typically a dominant factor affecting density) exists
throughout almost all of the yeatJpon rising to the pycnoclinehé dischargewill spread out horizotally

along the trapping layer interface until all of its turbulent kinetic energy lamalyant potential energy is
dissipated, at which dilution ceases to change. The dilution at this point is referredritigdilution.
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Figurel.12: Schematic of jet merging due to axial expansion of eftie 200jets during the initial phase of discharfyem the
SEOO diffusewhen the momentum flux of each jet exceeds the buoyancy of the effluent. Image from CEGRMiXaxfield
simulation of the SEOO diffuser

In the natural ocean environment, the pycnocline (or trapping layer) is dynamic, rising and falling in the
water olumn with the seasons, and with internal (baroclinic) tides {vaipagate along the pycnocline
interface. While seasonal effects on pycnocline heights and trapping levels were includegiauioais
dilution studes for the EOOand SEDO (RWQCB, @8), the effects of baroclinic tides and thmirrents

they create across the diffuser are excluded from the hydrodynamic modeling under Provision 111.C.4(d)
of the Ocean PlarThe present study will present both field data from AUV surveys, and plume modeling
results that reveal the effects that ambient currents can havénitral dilutionand subsequent dilution

or dispersion

1.2 OUTFALL SURVEY METHODS

Advantags to samplinghe EOO and SEO@th an AUV include the ability to run pprogrammed
mission trackines to efficiently cover a large survey area with high density samalidddz sampling rate
that produces as many &#,000 t068,000 separate measuremengger surveyof plume observables
(fDOMand salinity) These AUV survey results prodachighresolution, threedimensional data model
as shown irFgure 1.2.1. In accordance with the approach set forth in the SEOO/EOO PhMPplume
tracking monitoring with the AUV ocaed over a oneday period for each of three seasonal deployment
scenarios (smmer-fall, winter-spring, and posstorm) over the course of the data collection schedule
(2021/2022). A specific AUV survey planasvdevelopedfor each survey, and mission parameters
remaired constant for each of the AUV sunggy.e., AUVspeedover graind was held constant &5 kt9.

The Iver3 AUV (cfigurel.2.3) was used foall AUV surveys of the EOO and SEOO.
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The Ver3 AUV has exceptionally precise navigation and depth control due to shaymertial motion

unit (IMU) with GPS set points that work in a control loop in conjunction with a Doppler velocity logger
and bottomocking sonar that provides constant speeceoground throughout the surveffight path

Refer toTable3 through Table5 for listings of Iver3 specifications and-board equipment.

The Iver3 AUV was deployéat one full day oveeachoutfall to survey a full tidal cycle during each of

the 3 seasonal deployments selected to capture theedope of variability of oceanographic conditions.
Total survey track length was held constant at the longest possible track length that could be safely
achieved within the limited battery life of the AUSurvey depth was variabldependent on CTD data
collection results during the prdeployment site characterization data sampling operations which
determinedpycnocline depth in the water column. Each trdicke in the AUV survey was flown out and
return, proceeding outbound with the current along a dalpistyle dive profile between the seabed and

a couple of meters above the pycnocline (trapping level) as showigimel.2.2. On the return leg ahe
track-line, the AUV proceeded at constant depth a couple of meters below the pycnocline (trapping level)

In addition, 15~vater column monitoring stationm the farfield of each outfall were sampletlring the

AUV deploymentsto establish natural oa@n background conditions and ambient currenfghe
monitoring stations were samplesvice during each tide, evenly spaced before and after-tiad, for a

total of four grid setcontrol samples during each survelhese monitoring stations utilizeétie Seabird

SBE 1Plusv2 CTDHigurel.2.4) andthe 2 MHz Nortek acoustic Doppler current profil&DCPcf. Figure

1.2.5). The ADCRas deployed at the fdield monitoring station fronthe R/V Benthic Cak{gurel.2.6).

The R/V Benthic Cat is equipped with a station keeping system that allows the boat to automatically stay
on a fixedlocation for the time needed to acqui€TD and ADGHRirrent data.

Figure1.21: ThreeDimensional Data Model of fDOM collected with the Iver3. AU\ track lines are shown in black.
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Figurel.22: Schematic of AUV out améturn legs along any given track line in the Auiwey pattern, in order to capture the
verticalstructureof the plume while maximizing trangihe in regions of maximuimorizontalspreading

Figurel.23: Iver3 Autonomous Underwater Vehicle (AUV)

Table3: lver3 AUV Specifications

Specification Value
Manufacturer: L3

Max Operating Depth: 200 meters
Diameter: 5.8 inches (15 cm)
Length: 86 inches (218 cm)
InAir Weight: 85 pounds (39kg)
Speed: 2 to 3 knots

DVL bottom lock: 80 meters

Estimated Endurance:

Table4: lver3 AUV Subsystems
Specification

5.5 hours at 2.5 knots

Value

Internal Navigati®pstem

iXBlue PHINS C3 fibptic gyro

Doppler Velocity Log

Teledyne RDI Explorer (600khz)

Depth Sensor: 200 meters
GPS: WASS GPS
Sound Velocity Sensor: AML

Acoustic Modem:

Teledyne Benthos

Radio Frequency:

2.4 GHz telemetry radio

Iridium Tracking and status updates

WiFi Remote access

USB USB 2.0 data download

Power Lithium lon Battefies80 Watt hours
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Table5: Iver3 AUV fDOM Sensor Specifications

Specification Value

Manufacturer: YSI / Xylem EXO fDOM Sensor
Sensor Type: Optical, fluorescence

Range 07 300 ppb QSU

Sensitivity 0.01 ppb QSU

Limit 0.07 ppb QSU

- /

Figurel.25: The 2MHz NortekADCRuvith rigid mount for deployment from the R/V Benthic Cat.
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Figurel.26: Research Vessel (R/V) Benthic Cat (Source: Orca Maritime)

In addition to the offshore work, mixed discharge samplesre collectedon an hourly basis by
autosamples during the period of the offshore samplinghe autosamplers were provided and setup by

the client. ThefDOM concentrations of these samplegre read usinga Eureka Manta Sub3 hatteld
analyzer(cf. Figurel.2.7) to provide reaitime effluentfDOM values to be utilized during the plume data
analysisSEJPA and City of Escondido discharge treated wastewater to the SEOO. SEJPA flows are treated
at the San Elijo Water Reclamation Facility (SEWRF) and City of Escondido flows are treated at the City of
Escondido Hale Avenue Resource Recovery Facility (HARRF). A common monitoring point exists at Cardiff
Beach where the cmingled wastewater from both th8 EWRF and HARRF can be sampled, the onshore
sampling location is an air release valve (ARV), located near Cardiff State Beach, as Bimwalir2.8.

During the trial sample collection run, the ARV location did not produce water samples, and therefore
SEJPA useddifferent location onsite at the SEWRF to collect samples for both the SEJPA effluent and
City of Escondido effluent.

EWAdischarges trei@d wastewater to the EOO from three facilities, including the Encina Water Pollution
Control Facility (EWPCF), the Meadowlark Water Reclamation Plant, and the Carlsbad Water Reclamation
Facility. A common monitoring point exists at the EWPCF (near tiiengdot) where cemingled
wastewater from all three (3) facilities can be sampled, as showipimel.2.9.

Michael Baker Pagel-9

INTERNATIONAL



@ENCINA ESCONDIDO Plume Tracking Field and Model Analysis of Discharges
REIGRY" <= from the Encina Ocean Outfall and San Elijo Ocean Outfall

£°>AN ELIJO  grumyr™

City of Choice

Figurel.27: Eureka Handheld fDOM Probe wiad data recorderfor onshore samplingf the treated wastewater effluent prior
to dischargeand typical autosampler provided by EWA.
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Figurel.29: Onshore EOO Sampling Site at EWPCF (Source: EWA)
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1.3 CDOM/BOM CALIBRATION

A surrogate for CDOM is referred to #®0M which is the portion of CDOM that fluoresces and on
average, makes up between 85% and 91% of the total CDOM in ocean waters, (cf. Cobble, 2007). Hence,
fDOM concentrations are reasonablypresentative of CDOM concentrations., (cf. Cobble, 2007).
Concentrations ofDOMare measured in parts per billion (ppb) of quinine sulfate, which, in acid solution,
fluoresces similarly to colored dissolved organic matter.

Theunits of fDOM are quinineu$fate equivalent units (Q9 where 1 Q8 = 1 ppb quinine sulfatélhus
quinine sulfate is really andirect surrogate for the desireldOMconcentrations The EXO fDOM sensor
carried bythe Iver3 AUVshows virtually perfect linearity iRl.OOOO) on seal dilution of a colorless
solution of quinine sulfate. However, on serial dilution of stained water field samples, the sensor shows
some undedlinearity. The point of undelinearity in field samples varies and is affected by the UV
absorbance of thelissolved organic mattein the water. Testing shows that undimearity can occur at
fDOM concentrations as low as 50@QI his factor means that a field sample with an fDOM reading of
140 QSU will contain significantly more than double the fDOM of a sathat reads 70 Q% From our
plume tracking experience at the EOO and the SEOO, excellent fidelity has been found between the {/DOM
sensor in the AUV which measuf&0M in QB8 vs. thefDOM sensor in the Sdard SBE 18lusv2 CTD
which measure$DOMuin relative fluorescence unifRFU).Figurel.3.1 shows the two sensor types are

well correlated by a secondegree polynomial which gives a coeifint of determination of Bquared =
0.9949L. The polynomial ifrigurel.3.1 was used to convert the Seabird SBE measurements in RFU fDOM
units at thefarfield monitoring stations to QSU fDOM units that were measured along the survey track
lines by the AUV.

Michael Baker Pagel-11

INTERNATIONAL



PN . . . .
ENCINA Plume Tracking Field and Model Analysis of Discharges
fSAN ELIJO  Sfoam ™ @Wﬂﬁwf“ CE:ysof(C'h(o)\NQﬂ) from the Encina Ocean Outfall and San Elijo Ocean Outfall

fDOM Sensor Calibration
YSI/ Xylem vs Seabird SBE

+ 4+ - data

polynomial best-fit

Fit Equation Y = 0.01355179839 + 0.3316572478 * X + 0.0001293667523 * X2
1.2 — Coefficients:
Degree 0 = 0.01355179839
- Degree 1=0.3316572478
Degree 2 = 0.0001293667523

1 — Coef of determination, R-squared = 0.999099

fDOM, ppb (QSU) from YSI / Xylem EXO Sensor
>
l

0-llllIlllIIllllIlllllllllllllllllll]

0 0.5 1 1.5 2 25 3 35
fDOM, ppb (RFU) from Sea-bird SBE 19 plus V2 CTD

Figurel.3.1: Correlation function between thgSI / Xylem EXDOM sensor in the AUV which measuil@®M in QB vs.the
Seabird BE 19plusV2 CTD which meastidé&3M in relative fluorescence units (REtthe stationarymonitoring stations
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2 PLUME TRACKINESRILTS FEGRICINA OCEAN OUTREOO)

During both the first and second deployments of the AUV at the El@3aime basic strategy was used
to fly the AUValong the track lines of the survey search pattern. The BUMwn along a dolphistyle
dive path when transiting outbound with the currerglong a given track line.e., asuccession ofo-yo
dive cycleswhereby the AUMdivesand ascendthrough the water column between the seabed and an
apex halfway between the sea surface and the pycnoctinellustrated irfrigurel.2.2. On the return legs
of each track line, (against the current) the AUV is flown at a constant depth immediately beheat
pycnocline (trapping level) where the maximum horizontal dispersion of the plume is expetedjure
1.1.1, (cf.Baumgartney 1994; Frick etlg 2003).Thebattery capacity of the IverAUVIimits the total
distance traveled during any given ebb or flood tide survegfiout 21 kilometersduringa survey period

of approximatelys hours. The survey period is centered within each ebb or flood fitterval of 6.2 hrs.
The AUV batteries are changddring the 1.2 houinterval aroundslack waterbetween ebb and flood
tide interval, allowingfor AUV surveys of the EQ&er a completesemidiurnal tide cycle The 15
stationary water column monitoring stationgshown as green circles Figure2.1.1) are distributed
between the B0 ft and 60 ft depth contours around th&D0O,and providevertical profilesof salinity,
temperature, andfDOM water mass properties immediately prior to and during the AUV surveys.
Measurements from the control statiorB®OOEbb andEOOFlood(shown as yellow and orange circles,
respectively, irFigure2.1.1) provide farfield measurements of natural background (ambient) wateass
properties (salinity, temperature, andDOM). The measurements of ¢hfDOM at the 15 stationary
monitoring stations were in units of RFU which were converted to QSU fDOM units using the second order
polynomial inFigure1.3.1. Figure2.1.1 also showsa group of blue triangles around the EOO diffuser,
indicatingthe locations of theoffshore regulatory discharge monitoring statiomsed for NPDES permit
compliance determination.

2.1 FIRSEOODEPLOYMENZ1 SEPTEMBER 2021

The initial EOO deployment of 21 September 2022 addressed oceanic and outfall discharge conditions
under typical fall conditions of strong stratificatias shown inrable6.

Table6: Summary of Comparison of SEOO and EOO Features

Deployment Date Conditions to Be Assessed
1st: Septembe021 | Typical Conditiorfzall conditions of maximum omeeamum stratification
2nd: December 202] Atypical ConditioReiststorm conditiondth lghetthanaverage outfall discharg
flows and runoff
3rd March 2022 | Typical ConditioSgring conditions where strong pyeris@bsent

Thesehighly stratified conditionslso typically coincide with periods of high recycled water demands,
which result in discharge flows that are lower than #renualaverage. During the 21 September 2021
deployment, he AUV was flown alonfgve (5)track linesaroundthe EOO outfall diffser within survey
boxesshown inFigure2.1.1. Two separate survey boxes were flovone during ebb tide as diagramed in
yellow inFigure2.1.1, the other flown during flood tide as diagramedorangein Figure2.1.1. The track
lines surveyed on ebb tide are showrFigure2.1.8 as actually flown by the AUV, while thosadk lines

as flown on flood tide appear irigure2.1.15. The track lines were biased in the down current direction,

Michael Baker Page2-1

INTERNATIONAL




RN
ENCINA - Plume Tracking Field and Model Analysis of Discharges
%AN ELIJO e ™ @X"&T‘JE"&’.’}L‘“ E&g?@ﬂo from the Encina Ocean Outfall and San Elijo Ocean Outfall

with 1500 m long tracks flown stduof the outfall with the southward flowing current on an ebbing tide,
as indicatedby the yellow survey boi Figure2.1.1. Track lineextended500 mnorth of the outfall
during ebb tideOn flood tide, theidal currentdirectionreversesand flowstoward the north Hence te
track lines were biasedorthward with the flood tide current direction,so that 1500 m long tracks
extendednorth of the outfalland 500 msouth of the outfall. The total dimension of the AUV surveyed
areaon either ebb or flood tidevas 2000 m in the along shore direction and 1000 m endlossshore
direction. Thus, the total area surveyed during both ebb and flood tide is approximately 988.4Motes.
the natural background (ambient) watenass propertiesof salinity, temperature, andDOM were
obtained by CTD casts at the-fagld monitoringstationsEOOEbb andEOGFlood indicated by the yellow
dotsand orange dots, respectively, Figure2.1.1. Thesdar-field measurements were performeaice
during each ebb or flood tide survey of the EOO, one at the beginning of the AUV surveys and the other
at the completion of each AUV survey.

The vertical assent of the EOO outfall plume is typically arrestdabgitcnocline (thermocline) interface,
(referred to as the trapping level), where it then spreads out laterally along the pycnocline interface as
illustrated inFigurel.1.1. Lateral spreading of the plume can be augmented by the mass transport caused
by the tidal currents that flow toward the north on a flood tide and to the south on an ebbing tide; and
by internal waves which propagate along the pydiimee interface, (propagating shoreward on a rising
tide and seaward on a falling tidéimediately after completion of initial dilution, th@umewill laterally
spread along the pycnocline interfaajgmented by advection from tidal currents and intermaves.
Immediately upon completion of initial dilutiorthe outfall plume will make its greatest excursions
(beyond thezlD directly beneath the pycnocline, (€figurel.l1.1). Therefore, it was critical to the plume
tracking effort to program the AUV to fly directly beneath the pycnodingng the return leg (against

the current) along each track line, as showirigurel.2.2. To locate the depth of the pycnocline, the CTD
casts were performegrior to the AUVsurveyon 19 September 2021 and quickly processed to determine
the salinity changes and temperature changes with depthHgure2.1.2). These CTD datadicated the

water column was strongly stratified, forming a thayer water mass with a wetlefined pycnocline at 8

m depth ¢26.2 ft. MSL)per Figure2.1.2. Based on this finding, the AUV was programed on its outbound
dolphir style leg (with the curren) for dive cycleapexpoints setabove the pycnocline a depth of 4m

depth (13.1 ft. MSL) and dive cycle bottoming points set at 216 (ft) alove the seabed. The Iver3 AUV
uses its bottordocking sonar to determine the distance above the local seabed at any location within the
survey box. Along the return leg of each track line (flown against the current), the AUV was programmed
to fly at a contant depth of 9 m depth-9.5 ft. MSL).
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Figure2.11: EOO Swey boxes and sampling stations for the first AUV deployment, 21 September 2021

At the time of the ebb tide AUV survey on 21 September 2021, the EOO was discharging 24.17 mgd of
wastewater having an averagdischarge salinity of 0.85 psuand an averagefDOM discharge
concentration of 248.71 ppb (QSU), based on shoreside monitoritige OO effluent, (see tabulations
of EOGshoresidemonitoring data in Append#R). Later in the day during flood tigéghe EOO discharge
rates increased slightly to 26.318 mgd, while averaigchargesalinity and fDOM concentrations
remained unchanged,c{. AppendixA). Assuming that receiving water fDOM concentrations are
homogeneous,tie average EOO discharge concentrationfb@Mare significantly higher (by more than
2 orders of magnitude) than the natural ocean background concentrations of fDOMiredaat farfield
control stations, EO&bb and EO®lood. Vertical profiles of natural background fDOMasured during
ebb tideat EOGEbb (cfFigure2.1.3) exhibited depthaveraged concentrations ranging between 0.636
ppb and 0.639 ppb. Natural background fD@Masuredater duringflood tideon 21 September 2024t
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EOGFlood (cf.Figure2.1.4) produced deptkaveraged concentrations ranging between 0.578 ppb and
0.582 ppbConsequently, the signal to noise ratio of the fDOM plume observable at any point of discharge
along the EOQiffuser ranges betweenY Y = 388.2 and'Y0Y = 429.3, based on the depth
averagedconcentrations of atural background fDONheasured affar-field control stations, EOGbb

and EOGFlood (Figure 2.1.3 and Figure 2.1.4), applied to equation (1)While profiles of atural
background fDOMconcentrations measured during both ebb and flood tide showed both random
variations (noise) with some general verticatusture (with higher concentration near the bottom,
declining near the surface), the standard deviations around the depth averaged fDOM concentrations
were small, ranging between=0.11 ppb and = 0.16 ppb, (cfrigure2.1.3 andFigure2.1.4).
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Vertical Profiles of Natural Background fDOM
EOO-EBB, 21 September 2021
2 km north of the Encina Ocean Outfall

EOQ EBB-1: average = 0.636 ppb; maximum = 0.874 ppb; minimum = 0.191 ppb; ¢=0.131
EQOO EBB-2: average = 0.639 ppb; maximum = 0.959 ppb: minimum = 0.119 ppb; ¢=0.160
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Figure2.13: Vertical profiles of natural background fDOM concentrations measlwedg the first deploymendat the farfield
§6060 GARS Y2yA (GEBER yiER Glltimdars emhwest®fE®Calong the-160 ft. MLLW depth contour, cellow
dot inFigure2.1.1.
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Vertical Profiles of Natural Background fDOM
EOO-FLOOD, 21 September 2021
2 km south of the Encina Ocean Outfall

EOO FLOOD-1: average = 0.578 ppb; maximum = 0.801 ppb; minimum = 0.100 ppb; g=0.154
EOO FLOOD-2: average = 0.582 ppb; maximum = 0.832 ppb; minimum = 0.333 ppb; g=0.114
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Figure2.14: Vertical profiles of natural background fDOM concentrations measlwedg the first deploymendat the farfield
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in Figure2.11.
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Mean ebb tide curntson 21 September 2024t the far-field control station, EO@&bh were 0.288 m/s

(0.56 kts) toward the southeast, based on ADE&ingsat far field monitoring stationEOGEbb, (cf.
Figure2.1.5) locatedup-drift of the yellow AUV survey box shownFfigure2.1.1. These mean cuents
conveya net shoreparallel drift of the EOO discharge plume. However, there are other transient-short
lived current oscillations reaching 0.809 m/s (1.57 kts) in the ebb tide ADCP time series record on 21
September 2021. The current direction datahe ADCP record indicates thesgkes of higher oscillatory
currents were directed crosshore, indicating they were due to shoaling internal waves. Because of the
oscillatory nature of these current spikes, they produce no net drift of the EOO dischlarge, but

merely serve to smear the plume or break off pieces from the main body of the plume and smear or
disperse those pieces in the cressore directionADCHneasurements of currenist far field monitoring

station, EOQFlood (cf. Figure2.1.6) find that mean flood tide currentson 21 September 202Wvere

slightly less than the mean ebb tide currents, reaching P85 m/s (0.2 kts) directed toward the
northwest. This is due to the fact that tidal currents along the coastline of the lower Southern California
Bight do not reverse symmetrically between ebb and flood tide, but ratheredgtide dominant
imparting a net southeasterlyrift to the EOO discharge plume over a complete tidal day of 24088h
Transient oscillatory current spikes in the flood tide ADCP current record on 21 September 2021 reached
0.905 m/s (1.76 kts) in the croshore direction, again indicating the presenof internal wave activity.
These internal waves are excited by the extreme bathymetric depression of the head of the Carlsbad
Submarine Canyon, (¢figure2.1.7). The Carlsbad Submarine Canyon encroaches on the northern end of
the EOO flood tide survey box. As tidal currents flow across the Carlsbad Submarine Canyon, this
bathymetric depression excites internal waves that radiate outward from thgaamuch like lee waves

do in the atmosphere when storm winds blow over canyons and mountainous topography. The cross
shore oscillations of the internal waves that radiate from the Carlsbad Submarine Canyon produce the
high current spikes in the ADCP regoon 21 September 2021 (Efigure2.1.5 andFigure2.1.6).

Figure2.1.8 revealsaccurate repeatability of the outbound and return legs along eacthefive track
lines as flowrby the AUMuring ebb tide surveysf the EOO on 21 September 2021. During thisesyrv
the AUV collected 68,644 separate measurements of salinity and fl@iginally 29,605 measurements
of fDOM taken along the return legs of each of the 5 trackslatea constant depth of 9 m depth209.5

ft. MSL) were parsed from the original 68,6d¥asurements to create a map of fDOM just below the
pycnocline (trapping layer, as shownFigure2.1.9).
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Depth-Averaged Current during AUV Ebb -Tide Survey of Encina Ocean Outfall
21 September, 2021
time average = 0.288 m/s; instantaneous maximum = 0.886 m/s; instantaneous minimum = 0.100 m/s
sample rate = 1 Hz

0.9 —

0.8 —

0.7 —

0.6 —

0.5 —

0.4 —

Ebb Current Speed, m/s

0.3 —

0.2 —

0.1

Figure2.15: Time series of depth averaged current derived frad€Pmeasurements aEOCduring ebbktide AUV survepn 21

September 2021.
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Depth-Averaged Current during AUV Flood -Tide Survey of Encina Ocean Outfall
21 September, 2021
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Figure2.16: Time series of depth averaged @nt derived from BCRneasurements at@0Oduring floodtide AUV survey on 21

September 2021.
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Figure2.17: Bathymetric contour map overlaid onto the EOO survey boxes (solid black lines) and the H@OAHH survey

track lines (dotted white lines). Note the extreme bathymetric depression of the head of the Carlsbad Submarine Canyon that
encroaches on the ntirern end of the EOO flood tide survey box. As tidal currents flow across the Carlsbad Submarine Canyon,
this bathymetric depression excites internal waves whose-stagg oscillations produce the high current spikes in the ADCP
records on 21 Septembe021 (cf Figure2.15 andFigure2.16).
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- EOO AUV Tracks, Ebb Tide Survey,
g‘;‘:t' 21 September 2021
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Figure2.18: AUV track lines as flown during ebb tide surveys of the discharge plume from EOO during the first deployment, 21
September 201. The total dimension of the AUV surveyed area on ebb tide was 2000 m in the along shore direction and 1000 m

in the crossshore direction or a total surveyed area of approximately 494.3 &toés, at 30 N latitude, ® longitude = 93,453.2
m, while Platitude = 110,904.4 m
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Dispersion of fDOM at the Trapping Level, (depth = - 8m MSL)
Encina Ocean Outfall, Ebb Tide, 21 September 2021
averge discharge concentration end-of-pipe = 248.7 ppb
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Figure2.19: Contour plot of AUV measurements of fD@Mhe trapping level during ebb tide surveys of the discharge plume
from EOO. EOO discharge rate4=1Z mgd; Enebf-pipe discharge concentration @©OM = 248.71 ppb (QSWnd of pipe

dischargesalinity= 0.85 jsu; Trapping level (pycnocline depth)&24 ft MSL; Mean ebb tide curren®:288 m/s (0.56 kjgoward
the southeast
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It wasanticipatedthat such a map would capture the maximum dispersion of the EOO discharge plume
since the State Water Boaapproveddilution models (CORMIXM,, Visual Rimes W3 and Plumes 20
UM3) all show that discharge trajectoriesach maximum horizontal excursions at or near the trapping
level, (cf. Frick et al., 2010). Unfortunately, the highest concentrations of fDOM found anywhere along the
trapping level ifFigure2.1.9 only reaciQO0 = 0.65 ppb, only slightly greater than the depth averaged
natural background fDOM concentration @O 0, = 0.639 ppb measured at the ffield control station,
EOGEDD, (cfFigure2.1.3). Inserting these values into equation (1), the largest signal to noise ratio of any
feature in the fDOM map along the trappifeyel inFigure2.1.9is only"Y 0Y =0.017. ThiSNResult

is significantly beneath even the lowest order significance threshold for detedhat requires

"YOY 1. Therefore nothing can be concluded about any fDOM feature along the trapping level in
Figure2.1.9.

To explore possible reasons for the failure to discover evidence of the EOO plume at the trapping level
during ebb tidea calibrated computational fluid dynamics (CFD) simulation was pedpssing the AUV
measurements of fDOM along the track line #3 [efure2.1.8) to examine vertical dispersion of the
plume through the water columiThe calibrated CFD simulationFigure2.1.10 indicates that the EOO
plume drifts a significant distand®rizontally near the seabed in th®&288m/s (0.56 ktskbb current,

before it rises and pancakes on the base of the trapping layer. As the plume drifts horizontally with the
ebb currents, it undergoes significant dilution before rising to the trapping level. As a result, fDOM
concentrations athe trapping level are no more tha®@O 0 = 0.634 ppbFigure2.1.3 indicates that
natural background concentrations of fDOM at the trapping level (8 m depth) during ebb tide@ie,

= 0.55 ppb. Therefore, the signal to noise ratio of the fDOM at tapping level in this CFD simulation

was found to be only’Y 0Y = 0.15, again below the lowest order significance threshold for detection
(i.e.,"YOY 1). From this resulit was concluded that the strongly stratified water column poyee

in the temperature/salinity profiles iRigure2.1.2 retarded the immediate upward movement tife EOO
plume. The plume, howeveynderwent suffigent dilution while it drifted horizontally in thebbcurrent
to allow fDOM concentrationso drop belowthe significance thresholdetection limit by the time the
plumefully rose to the trapping level. Consequently, an alternative method was develapeddpping
fDOM data from the AUV surveys of the EOO

The new fDOM mapping method involved displaying68lb44 fDOM measuremensmultaneously
across all depths, including even those measured along the-shmse tracks that connect with each of

the 5 survey track lines, (dfigure2.1.8). It wasanticipatedthat detectable peotions of the EOO plume
could be found at certain depths and locations beneath the trapping IEigire2.1.11 employs the new
fDOM mapping technique with a full depth contour plot of AUV measurements of fDOM during ebb tide
surveys of the EOO on 21 September 20liese types of plots are referred to hsat mapsin signal
detection theory, Schonhoff & Giordano,@®6). Inspection ofFigure2.1.11 reveals that variations in
fDOM concentrations across all depths surveyed by the AUV range from 0.2 ppb to 1.6 ppb. However,
these fDOM variationgxhibit horizontal structure, being arranged a repeated banding pattern that
does not appear to be spatially coherent with the alignment of the EOO pipmlitheliffuserbut appears

to align with the 5 track lines in the ebb tide survey pattern,Kcfure2.1.8).
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It is likely that therepeated banding pattersiin the fDOM heat map irfrigure2.1.11 is a result of
insufficient spatial resolution in fDOM sampling between the track lines, referred spatsal aliasing
(Peterson, et al, 1954). The mechanism producingotbhe bands in the fDOM heat magsult fromthe
AUV measurements near the apex of the dolphiestlive cycleswhen the AUV is in the shallow water
above the trapping layer where ambient fDOM concentrations arestofvigure2.1.3). Yellow, orange
and redbandingfeatures inthe fDOM heat magould beremnants of the EOO plureg deeper depths
along each trackne. Tosort out potential plume remnants froramong the highly variablendbanded
fDOM measurementghe fDOM heat map ifrigure2.1.11is converted into a signal to noise ratio heat
map inFigure2.1.12 by invoking equabn (1) to convert the fDOM concentrationskigure2.1.11 into
corresponding’Y 0Y patterns. Since only DOM features having signal to noisatios of unity or
greater are possible remnants of the pluniégure2.1.12 has been scaled to filter out features having
SNR,ou < 0.8, where features having 0BSNR,,,, < 1.0 arepotentially diluted fragments odiluted
outer edges of a plume remnamtinspection ofFigure2.1.12 reveals thattwo small potential plume
remnants having 1.0 SNR,,,, ¢1.5are found 192 m to 588 m downstream of the EOO diffpaéiile
several other more diluted fragments having 0.8NR,,,< 1.0 are found further downstream.
Therefore,at leasttwo of the elevated (yellow, orarggor red) features in the fDOM heat maphigure
2.1.11 can be regarded as remnants of the EOO -t8tdb plume. To verify this conclusion, the
"YOY heat map inFigure 2.1.12 was transposed into a dilution heabap in Figure 2.1.13 using
equation (2) under the assumption that the initial fD@Mchargeconcentration iSQO 0 = 248.17
ppb. From that assumptiofrigure2.1.13indicates that the dilution factor@,,, ) for the fDOM features
in Figure2.1.11would range fromas little as 260:Within 192 m of the EOO diffuser to as highas0001

to 45,0001 further downstream where any regulated or unregulatedoxic EOO effluent constituents
would bewell below quantifiable detection limits.
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Figure2.110: Calibrated CFD simulation of the plume dispersion through the water columE®@nCFD simulation calibrated to AUV measurements of fDOM along the track line

#3during ebb tide on 21 September 20ZIFD simulation based on EOO discharge rate = 26.318 mgd:meldischarge concentrationf@fOMy=0)=248.71 ppb (QSU); Trapping
level (pycnocline depth) = 26.24 ft MSL; Mean ebb tide currert88 m/s (0.56 ktgpward the southeast
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Dispersion of fDOM across all depths
Encina Ocean Outfall, Ebb Tide, 21 September 2021
averge discharge concentration end-of-pipe = 248.7 ppb

Latitude, decimal degrees north

fDOM, ppb (quinine sulfate equivalent units)

-117.352 -117.348 -117.344 -117.34
Longitude, decimal degrees west

Figure2.111: Full depth contour plofaka, heat mapyf AUVmeasurementof fDOMduring ebb tide surveys of the discharge
plume from the EOO. EOO discharge ratd.£72ngd; Enebf-pipe discharge concentration ffOM = 248.71 ppb (QSEnd of
pipe salinity= 0.85 jgu; Mean ebb tide current 8.288 m/s (0.56 ktgpward the southeast.
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Signal to Noise Ratio (SNR) of fDOM across all depths

Encina Ocean Outfall, Ebb Tide, 21 September 2021
averge fDOM discharge concentration end-of-pipe = 248.7 ppb
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Figure2.112: Full depth contour plofaka, heat mapdf the signal to noise ratio (SNR) of fDOM during the AUV ebb tide surveys
of the discharge plume from the EOO. EOO discharge=ra#.17 mgd; Eraof-pipe discharge concentration fidlOM = 248.71
ppb (QSU); End of pipe salinity = (88 Mean ebb tide current = 0.288 m/s (0.56 kts) toward the southeast.
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Dilution Factor (Dm) of fDOM across all depths
Encina Ocean Outfall, Ebb Tide, 21 September 2021
averge fDOM discharge concentration end-of-pipe = 248.7 ppb
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Figure2.1.13; Full depth contour plotaka, heat mamf the dilution factor (Bow) of fDOM during the AUV ebb tide surveys of the
discharge plume from the EOO. EOO discharge rate = 24.17 meuf:#pel discharge concentration DOV = 248.71 ppb
(QSU); End of pipe salinity = 0.85;pMean ebb tide current = 0.288 m/s (0.56 kts) toward the southeast
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Salinity was considered @otentially useful alternativao CDOM fomplume obseration. Figure2.1.14
provides the salinity heat map generated from the AUV salinity measurements during the EOO ebb tide
survey. Most of the features in the salinity heat map range ffgm= 33.5 psu toY = 33.55 pswvith

some small random heat bubbles offshore of the outfall reaching as I6W as 33.25 psu and as high as

"Y = 33.65 psu. None of these salinity feature&imure2.1.14 appear to be spatially coherent with the
EOO pipeline or diffuseilhe far-field depth averaged salinity ifrigure 2.1.2 indicates that natural
background salinity i%¥ = 33.44 psu with a standard deviation pf= 0.066 psulnserting these values

into equation (1) indicates that the signal to noise ratio of the predominant salinityifestinFigure
2.1.14range from'YOY =0.0018 tdY0Y = 0.0033, while the signal to noise ratio of the small scale salinity
heat bubbles inFigure2.1.14 range from™Y0Y = 0.0054 to"Y0Y = 0.0063. Regardlesall the salinity
features inFigure 2.1.14 have signal to noise ratios significantly beltive lowest order significance
threshold for detection (i.e;)YGY  1)and consequently cannot be associated with plume fragments by
any statistically meaningful measure. The conclusi@t salinity is not a useful observable for tracking

the EOO plume was anticipated at the outset since the signal to noise ratio of the salinity signal at the
point of discharge is only¥ 0Y = 0.9, or less thatlowest order significance threshbfor detectia.

The AUV survey tracks at the EOO are reversed with bias toward the northwegsg(c£2.1.15) to
maximize the search area in thewn-drift region of the flood tide currents flowing toward the northwest.
Again,accurate repeatability of the outbound and return laggoundalong each othe five track lines as
flown by the AUV durindlood tide surveys of the EOO on 21 September 2021. Duriagltod tide
survey, the AUV collected6@269 separate measurements of salinity and fDOWMe fDOM heat map
generated from these66,269 measurements of fDOM concentrations is plotted FHigure 2.1.16.
Inspection ofFigure2.1.16 reveals that vastions in fDOM concentrations across all depths surveyed by
the AUV range again from 0.2 ppb to 1.6 ppb. These fDOM variations during flood tide also exhibit
horizontalbandingstructures along each track linékely due to sptial aliasing due to insufficient fDOM
sampling resolution between the track lines, (cf. Peterson et al., 184yever, thereare several small
elevated fDOM immediately downstream side of the diffuser where fDOM concentrations are in the range
of 1.3 pphto 1.6 ppb as well aadditional smaktr scattered spots of elevated fDOM at 0.8 ppb to 1.1 ppb
trailing away from the EOO toward the northwesith the flood tide currenthat appear to be spatially
coherent with the alignment of the EOO pipeline andudiér, butalsoalign with the 5 track lines in the
flood tide survey pattermue to spatial aliasindcf.Figure2.1.15). To ascertain whether thse scattered
spots ofelevated fDOMlownstream otthe EOQare in fact remnans of the EOO plume, the fDOM heat
map inFigure2.1.16is converted into &NRheat map inFigure2.1.17 by invoking equation (1) to convert
the fDOM concentrations ifrigure2.1.16 into correspondingY 0Y patterns.Again, to help sort out
potential plume remnants from among the highly variable and banded fDOM measurentégtse
2.1.17has been scaled to filter out features haviBNR,,, < 0.8, where features having G:&SNR,,,

< 1.0 are potentially diluted fragments or diluted outer edges of a plume remnamgpection of~igure
2.1.17 revealsthat two small plume remnants having B3NR,,, ¢1.5 are found directly adjacent
the EOO diffuser along its northwest sid@jthin 33 ), while an additional potential plume remnant
having 1.6 SNR,,, (1.5is found 526 m downstream of the EOO diffuser. Several other more diluted
fragments having 0.8 SNR,,,, < 1.0 are found scattered around the downstream side of the EOO
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diffuser.To further verify this conclusion, th& 0Y heat map inFigure2.1.17 was transposed into a
dilution heat map irFigure2.1.18using equation (2) under the assumption that the initial fD@istharge
concentration i W) = 248.17 ppb.Figure2.1.18 indicates that the dilution factor D, ) for

the fDOM features ifrigure2.1.16 would range from as little as 260:1 within 33 m of the EOO diffuser to
as high as 5,000:1 to 40,000:1 further downstream, where any regulated or unregulated toxic EOO
effluent constituents would be well below quantifiable detection limits.

Figure2.1.19 provides the salinity heat map generated from the AUV salinity measurements during the
EOO flood tide survey. Most of the features in the flood tide salinity heat map rangéYrom33.4 psu

to 'Y = 33.65 psuarranged in lines of elevated satiniheat bubbles that trail away to the northwest
along the AUV survey track lines,. (€igure2.1.15). All of these salinity features Figure2.1.19 show
higher spatial coherence with the AUV track lines than with the EOO diffuser and piféiafer-field

depth averaged salinitfrom the sainity depth profile inFigure2.1.2 indicates that natural background
salinity is’Y = 33.44 psu with a standard deviation pf= 0.066 psulnserting these values into equation

(1) indicates that the signal to noise ratio of the elevated salinity featurésginre2.1.19 range from

"YOY =0.0012 td’'YOY = 0.0063, Therefore, all the salinity features-igure2.1.19 have signal to noise
ratios significantly belowthe lowest orde significance threshold for detection (i.Y0Y 1) and
consequently cannot be associated with plume fragments by any statistically meaningful measure. Again,
the conclusion that salinity is not a useful observable for tracking the EOO plume \igisadat at the
outset since theSNRof the salinity signal at the point of discharge is ONWgY =0.97, i.e., less than
lowest order significance threshold for detectio
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Composite Salinity Contours Across All Depths
Encina Ocean Outfall, Ebb Tide, 21 September 2021
EQQ discharge rate = 26.3 mgd
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Figure2.114: Full depthcompositecontour plot(aka, heat mapdf AUV measurements eflinityduring ebb tide surveys of the
discharge plume from EOO. EOO discharge rafelZ ihgd; Enebf-pipe dischargsalinity=0.85psu; Mean ebktide current =
0.288 m/s (0.56 ktgpward the southeast.
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EOO AUV Tracks, Flood Tide Survey,
21 September 2021
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Figure2.115: AUV track lines as flown durifigod tide surveys of the discharge plume from EOO during the first deployment, 21

September 202IThe total dimension of the AUV surveyed area on flood tide was 2000 m in the along shore direction and 1000 m

in the crossshore direction or a total surveyed area of apprfd.3 acresNote, at 30 N latitude, 2 longitude = 93,453.1n,
while P latitude = 110,904.4 m.
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Dispersion of fDOM across all depths

Encina Ocean Outfall, Flood Tide, 21 September 2021
averge discharge concentration end-of-pipe = 248.7 ppb
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Figure2.116: Full depth contour plofaka, heat mapdf AUV measurementsf fDOMduringflood tide surveys of the discharge
plume from EOO. EOOQ discharge rate = 26.318 mgehffpippke discharge concentrationf®@OM = 248.71 ppb (QSEhd of pipe
salinity = 0.85 g, Mean ebb tide current 8.265 m/s (0.52 ktd¢pward the northwest
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Signal to Noise Ratio (SNR) of fDOM across all depths
Encina Ocean Outfall, Flood Tide, 21 September 2021
averge discharge concentration end-of-pipe = 248.7 ppb
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Figure2.117: Full depth contour plofaka, heat mapdf the signal to noise ratio (SNR) of fDOM duitoed tide AUV surveys of
the discharge plume from EOO. EOO discharge rate = 26.318 mguf; el discharge concentration iHOM = 248.71 ppb
(QSU); End of pipality = 0.85 pu; Mean ebb tide current = 0.265 m/s (0.52 kts) toward the northwest.
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Dilution Factor (Dm) of fDOM across all depths
Encina Ocean Outfall, Flood Tide, 21 September 2021
averge discharge concentration end-of-pipe = 248.7 ppb
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Figure2.118: Full depth contour plofaka, heat mapdf the dilution factor (o) of fDOM durindlood tide AUV sureys of the
discharge plume from EOO. EOO discharge rate = 26.318 mguf;{itjpel discharge concentration idOM = 248.71 ppb (QSU);
End of pipe salinity = 0.85yp Mean ebb tide current = 0.265 m/s (0.52 kts) toward the northwest.
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Composite Salinity Contours Across All Depths
Encina Ocean Outfall, Flood Tide, 21 September 2021
EOOQ discharge rate = 26.3 mgd
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Figure2.119: Full depthcompositecontour plot(aka, heat mapf AUV measurements sélirity duringfloodtide surveys of the
discharge plume from EOO. EOO discharge rate = 26.318 mguf:fipel discharge concentration sélinity =0.85psu, Mean
ebb tide curren0.265 m/s (0.52 ktgpward the northwest
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2.2 SECOND EOO DEPLOYMEOIDECEMBER 2021

The desigrof the EOO survey boxes and the AUV track lines within those boxes was modified for the
second AUV deployment orDDecember 2021Based on the patterns of fDOM features found in the
fDOM heat mapsf the first deploymentsit was determined that the diahce survged in the longshore
direction could be reduced since no evidence of plume dispetsgond 1,000 m from the EOO had been
found. By reducing the lorghore search range, additional survey area could be added to the inshore
region to determinefithere was any evidence of the plume drifting shoreward due to mass transport by
shoaling internal wave3.hemodified surveyplanstill includes 2 separate AUV survey boxes (a flood tide
box shown in orangmm Figure2.2.1 and an ebb tide box shown in yellowhile the numbers o§tationary

water column monitoring station@vhere CTD casts and ADCP velocity profiles are Yakas increased

from 15 to 18 stationsThe B stationarywater column monitoring stationgshown as green circles in
Figure2.2.1) are distributed between the @0 ft and 60 ft depth contours around th&0O, and provide
vertical profileof salinity, temperature, antDOM water mass properties immediately priorand during

the AUV surveys:igure2.2.1 also shows a group of blue triangles around the EOOQ diffuser, indicating the
locations of the offshore regulatory discharge monitoring stations used for NPDES permit compliance
determination.The total dimension of the AUV surveyed area on either etitood tide was707.1 m in

the longshore (shore parallel) directiamd 1,414.2 m on the crosshore (on/off shore) directionThus,

the total area surveyed during both ebb and flood tide is approximately 494.2. §¢reke this is only half

the size of theebb and flood tide survey boxes used during the first deployment meSeer 2021, it
allows forincreasing the numbers of track lines from 5 @ shore parallel AUV track lines at 108.8 m
spacings within each survey bdhis increase in numbers of tkalines increases the horizontal resolution
within each ebb and flood survey box by a factor af, Zhereby reducing or eliminating the spurious
fDOM featureghat aligned with sparse track lines during the September 2021 deploymentsidafe

2.1.11 and Figure 2.1.16). Those spurious features in the fDOM heat mapshef September 2021
deploymentswere the result ofspatial aliasingwhich arises from insufficient sampling density in the
spatial domain. Teliminate spatial aliasing, the AUV track line spacing must be no more than ¥ the length
scale of the finest scale features in the fDOM spatial distribution. By increasing the horizontal resolution
of the second deployment survey boxes by a factor 4fiPwas anticipated that the spatial aliasing fDOM
features encountered during the first deployment could be eliminated, or at least significantly muted.

As practiced during the first AUV deployment in September 288Inew survey boxes iRigure2.2.1,

were searched twice for the presence of tB®0O plume, (i.e., out and returnjAs before, he AUV is flown

along a dolphirstyle flight path wherransiting outbound with the current, i.e., a ym flight path diving

and ascending through the water column between the seabed and an apex halfway between the sea
surface and the pycnocline. On the return legs of each track line, (against the cureeAtJthis flown at

a constant depth immediately beneath the pycnocline (trapping level) where the maximum horizontal
dispersion of the plume is expectg@f.Baumgartner, 1994; Frick et al., 2008ftogether, the AUYovers

a distance of about @0 kilometers in about 5 hourswithin each survey box which is roughly the
endurance limit of the AUV with fully charged batteri€se survey period is centered within each ebb or
flood tide interval of 6.2 burs. The AUV batteries are changed duringXt#hourinterval around slack
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water between ebb and flood tide intenslallowing for AUV surveys of the EOO over a complete
semidiurnal tide cycle.

The B stationary water column monitoring stations are distributed between the 160 ft anfi 66pth
contoursaround the EOO, and provide vertical profiles of salinity, temperature, and fDOM water mass
properties immediately prior to and during the AUV surveys. Measurements from the control stations
EOGEbb and EO®lood provide fafield measurements of naturddackground (ambient) watemass
properties (salinity, temperature, and fDOM). The measurements of the fDOM at 8rsationary
monitoring stations were in units of RFU which were converted to QSU fDOM units using the second order
polynomial inFigurel.3.1.

Discharge/CTD/ADCP
CTD Station

(]

@]

® Flood CTD Background
Station

@)

A

Ebb CTD Background
Station

Regulatory Discharge and
Monitoring Station

Diffuser Zone
Outfall

Ebb AUV Survey
| |Flood AUV Survey
Isobath
60ft & 160ft Isobath

Figure2.21: EOO @rvey boxes and sampling stations for second AUV deploymet,D8cember 2021
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To establish the precise location of the Encina Ocean Outfall, &sigesonar survey of thmutfall was
performed prior to the AUV deployments di® December 2021 to obtain precision gesferenced
coordinates along the length of the pijpe¢ and diffuser, (cfrigure2.2.2).

It was critical to the plume tracking effort to program the AUV to fly directly beneath the pycnocline during
the return leg (against the current) along each of th&track lines within the ebb and flood survey boxes
shown inFigure2.2.1. To locate the depth ahe pycnocline, the CTD casts were performed prior to the
AUV survey orl9 December 2021 and quickly processed to determine the salinity changes and
temperature changes with depth, (dfigure2.2.3). These CTD data showed a cold, nearly homogeneous
surface layer, (about°6C cooler than during the first deployment in September 2021) that mixed down
to about 25 m depth, while the bottortayer remained about the same temperature as in September
2021. Consequently, the water column during the second deployments on 21 December 2021 was only
weakly stratified (i.e., less stable than in September 2021) and the trapping level rose to ongpthm d
Based on this finding, the AUV was programed on its outbaaiphin-style legs (with the current) for

dive cycle apex points set above the pycnocline at a depthofdepth €6.6 ft. MSL) and dive cycle
bottoming points set at 2 m-§.6 ft) above he seabed. The Iver3 AUV uses its botiogking sonar to
determine the distance above the local seabed at any location within the survey box. Along the return leg
of each track line (flown against the current), the AUV was programmed to fly at a codsfhtofé6 m

depth (¢19.7ft. MSL).

At the time of the ebb tide AUV survey o0 Recember 2021, the EOO was dischar@hd@ mgd of
wastewater having an average discharge salinity &f6 Qasu and an average fDOM discharge
concentration of 27.5ppb (QSU}hased on shoreside monitoring of the EOO effluent, (see tabulations of
EOO shoreside monitoring data in Appenréjx Later in the day during flood tide the EOO discharge rates
decreasedslightly to0 29.7 mgd, while average discharge salinity and fDOM coimadans remained
unchanged, (cf. Appendi%). The average EOO discharge concentrations of fDOM are significantly higher
(by more than 2 orders of magnitude) than the natural ocean background concentrations of fDOM
measured at fafield control stations, BG-Ebb and EO®lood which were profiled twice during each
ebb and flood tide event on®December 2021Vertical profiles of natural background fDOM measured
during ebb tide at EO®bb (cfFigure2.2.4) exhibited depthaveraged concentrations ranging between
0.294 ppb and 0298 ppb. Natural background fDOM measured later during flood tide 6rD2@mber

2021 at EO&lood (cfFigure2.2.5) produced deptkaveraged concentrations ranging betweeB@Bppb

and 0310 ppb. Consequently, the signal taoise ratio of the fDOM plume observable at any point of
discharge along the EOO diffuser ranges betwaaly =700.6and"Y 0Y =738.8 based on the
depth averagedoncentrationsof natural background fDOM measuredfat-field control sations, EO©

Ebb and EO®lood Figure2.2.4 and Figure 2.2.5), applied to equation (1)While profiles of atural
background fDOM concentrations measured during both ebb and flood tide showed both random
variations (noise) with some general verticatusture (with higher concentration near the bottom,
declining near the surface), thretandard deviations around the depth averaged fDOM concentrations
were small, ranging between= 0.027 ppb and= 0.045 ppb, (cFigure2.2.4 andFigure2.2.5).
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Figure2.22: Sidescan sonar surveagnageof EOOused to obtain precision geeferenced coordinates along the length of the pipeline and diffuser
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Figure2.2.3: Salinity/Temperature/Density depth profiles derived from CTD cadi8Bacember 2021 used to program the AUV
survey of the plume dispersion frol8BOCon 20 December 2021
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Vertical Profiles of Natural Background fDOM
EOO-EBB, 20 December 2021
2 km north of the Encina Ocean Outfall

EOO EBB-1: average = 0.298 ppb; maximum = 0.379 ppb; minimum = 0.113 ppb; g=0.045
EOQO EBB-2: average = 0.294 ppb; maximum = 0.367 ppb; minimum = 0.237 ppb; ¢=0.028
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Figure2.24: Vertical profiles of natural background fDOM concentrations measiumag the second deploymeat the farfield
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Vertical Profiles of Natural Background fDOM
EOO-FLOOQOD, 20 December 2021
2 km south of the Encina Ocean Outfall

EOO FLOOD-1: average = 0.310 ppb; maximum = 0.427 ppb; minimum = 0.250 ppb; ¢=0.033
EOO FLOOD-2: average = 0.308 ppb; maximum = 0.402 ppb; minimum = 0.253 ppb; g=0.027
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Figure2.25: Vertical profiles of natural background fDOM conceidrs measured during the second deploymanthe farfield
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orange dot irFigure2.2.1.
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Mean ebb tide currents on®@December 2021 at the fereld control station, EO®&bb, were 0.304 m/s

(0.59 kts) toward the southeast, based on acoustic Doppler profiling (ADCP) at far field monitoring station,
EOGEDD, (cfFigure2.2.6) located updrift of the yellow AUV survey box shownFkigure2.2.1. These

mean currentsmpart a net shoreparallel drift of the EOO discharge plume. However, there are other
transient shortlived current oscillations reaching 0.979 m/s (1.90 kts) in the ebb tide ADCP time series
record on ® December 2021. The current direction data in theCkDrecord indicates these spikes of
higher oscillatory currents were directed crestsore, indicating they were due to shoaling internal waves.
Because of the oscillatory nature of these current spikes, they produce no net drift of the EOO discharge
plume, but merely serve to smear the plume or break off pieces from the main body of the plume and
smear or disperse those pieces in the crskere direction. ADCP measurements of currents at far field
monitoring station, EO@®lood, (cfFigure2.2.7) find that mean flood tide currents on 21 September 2021
were slightly less than the mean ebb tide currents, reaching only 0.211 m/s (0.41 kts) directed togvard t
northwest. This is due to the fact that tidal currents along the coastline of the lower Southern California
Bight do not reverse symmetrically between ebb and flood tide, but ratheredgtide dominant
imparting a net southeasterly drift to the EO@aharge plume over a complete tidal day of 24.83 hrs.
Transient oscillatory current spikes in the flood tide ADCP current record @e@ember 2021 again
reached 0.979 m/s (1.90 kts) in the cresdmre direction, indicating the presence of internal waegvity

of the same strength as occurred earlier on ebb tiflkese internal waves are excited by the extreme
bathymetric depression of the head of the Carlsbad Submarine CanyoRiglefe2.1.7). The Carlsbad
Submarine Canyon borders the northern end of the EOO flood tide survey Ipoguire2.2.1. As tidal
currents flow across the Carlsbad Submarine Canyon, this bathymetric depression excites internal waves
that radiate outward from the canyon much like lee waves do in the atmosplieesn storm winds blow

over canyons and mountainous topography. The cabgse oscillations of the internal waves that radiate
from the Carlsbad Submarine Canyon produce the high current spikes in the ADCP recofils on 2
December 2021 (cFigure2.2.6 andFigure2.2.7).
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Depth-Averaged Current during AUV Ebb -Tide Survey of Encina Ocean Outfall
21 December, 2021

time average = 0.304 m/s; instantaneous maximum = 1.094 m/s; instantaneous minimum = 0.094 m/s
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Figure2.26: Time series of depth averaged current derived frad€RAneasurements alEOCduring ebbktide AUV survey on02

December 2021.
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Depth-Averaged Current during AUV Flood -Tide Survey of Encina Ocean Outfall
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Figure2.27: Time series of deptaveraged current derived fromDERmeasurements at@Oduring floodtide AUV survey orD2

December 2021.
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Figure2.2.8 revealsaccurate repeatabilitpf the outbound and return legs along eachl@ftrack lines as

flown by the AUV during ebb tide surveys of the EOO®@Detember 2021. During this survey, the AUV
collected 68,538 separate measurements of salinity and fDOM along a total distance sw¥2getikm.

The fDOM heat map generated from these 68,538 measurements of fDOM concentrations is plotted in
Figure2.2.9. Inspection of-igure2.2.9 reveals that variations in fDOM concentrations across all depths
surveyed by the AUange from"QO0  =0.2 ppb tol.3 ppb. These fDOM variations during ebb tide
exhibit horizontal structure having high spatial coherence with the EOO diffuser, with a singular, large
fDOM feature centered 393.9 m dowdhift (south)of the EOO diffuser in which elevated fDOM are in the
range of QOO0 = 0.7 ppb to 1.3 ppb, or 136% to 339% higher than the depttraged natural
background fDOM concentratiofQO 0 = 0.296 ppb (cfFigure 2.2.4). Furthermore, with the
increased horizontal resolution afforded by th@ closely spaced track lines kfigure2.2.8, repeating
banded patterngiue to spatial aliasingre significantly diminished relative to the heat maps derived from
the first EOO deployment in September 20Rloreover, the fDOM concentrations in the remainder of

the surveyed area outside of this singuklevated fDOM feature are on the order®fOd, ¢ 0.3 ppb,
consistent with the deptlaveraged natural background fDOM concentration. Therefore, the primary
elevated fDOM feature ifrigure2.2.9 that is centered 393.9 m downstream of the EOO diffuser in the
ebb tide current has the spatial coherence, structure, and contrast against natural background to possibly
be a remnant of the EOO dischargemtu

To verify this hypothesithe fDOM heat map ifrigure2.2.9 is converted into a signal to noise ratio heat
map inFigure2.2.10 by invoking equation (1) to convert the fDOM concentration§igure2.2.9 into
corresponding’y 0Y patterns.Again, since only fDORéatures having signal to noise ratios of unity
or greater are possible remnants of the pluniéyure2.2.10 has been scaled to filter out features having
SNR,ov < 0.8, where features having B&8NR,,,, < 1.0 are potetially diluted fragments or diluted
outer edges of a plume remnantsspection ofFigure2.2.10 reveals that the signal to noise ratio ofeth
suspeced plume remnant ranges fro@.8¢ SNR,,,, (1.1 along its outer perimeter, to as high as
"Y oY =3.39in its inner core 393.9 m downstream of the EOO diffuskerefore, the elevated f{DOM
concentrations foundin this feature satisfy the lowest order significance threshold for detectjon
(i.e.,"YOY 1). Based on this detection metric, we conclude the EOO discharge pluniikeigs
detected393.9 m downstream of the EOO diffuser during ebb tide @®D@cember 2021.

To assessninimum dilution levels in the EOO plume remnghge "Y 0Y heat mapin Figure2.2.10
was transposed into a dilution heat mapHhigure2.2.11 using equation (2pn the basighat the initial
fDOM concentratiorat the point of dischargs"Q0O 0 = 217.5ppb. Equation (2) teaches that regions
of high SNR will correspond to regions of low value®gf,,, relative to the dilution elsewhere within
the AUV survey are&igure2.2.11indicatesthat the dilution factor O, ) for the fDOM features would
be no less thamas D, =215:1in the inner core of the plume remnant, or a factor 05 fimes greater
than theassignedminimum month dilution of Dm = 144:%stablishedn the current NPDES permitg.
CA0107395; OrdeXo. R£0180059). The dilution along the outer perimeter of the plume remnant
ranges fromD,,,, =666:1to as much a45,000:1. Elsewhere in the wake of the EOO diffuser dilution
ranges fromD,,, =35,000:1 to75,000:1s0 that anyregulated or unregulatetbxic constituentsn the
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EOO AUV Tracks, Ebb Tide Survey,
33 114 — 20 December 2021 Initial
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Figure2.28: AUV track lines as flown during ebb tide surveys of the discharge plume from EOO during the second defdyevember 2021The total dimension of the AUV
surveyed area on ebb tide was 707.1 m in the longshore (shore parallel) direction and 1,414.2 m onsherer¢ss/off shorgdirection or a total surveyed area of approximately
247.1 acresNote, at 30N latitude, ?longitude = 93,453.2 m, whil€latitude = 110,904.4 m.
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Dispersion of fDOM Across all Depths
Encina Ocean Outfall, Ebb Tide, 20 December 2021

EOO CDOM discharge concentration = 217.5 ppb
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Figure2.29: Full depth contour plofaka, heat mamf AUV measurements of fDAMringsurveys of the discharge plume from EOO during ebb tidé be@mber 2021. Average
EOO discharge rat&%20 mgd during ebb tide; Eraf-pipe discharge concentration idOM = 217.5 ppb (QSEnd of pipe salinity = G3su; Trapping level (pycnocline depth)
=-13.1 ft MSL; Meaabbtide current =0.304 m/s (0.59 ktgpward the southeast
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Signal to Noise Ratio (SNR) of fDOM Across all Depths
Encina Ocean Outfall, Ebb Tide, 20 December 2021
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Figure2.210: Full depth contour plofaka, heat mapdf the Signal to Noise Ratio (SNR) of fDOM during AUV surveys of the discharge plume from EOO during eBb tide on 2
December 2021. Average EOO discharge rate =31.20 mgd during ebb tidepipedlischarge concentration fOM = 217.5 ppb (QSU); Engipk salinity = 0.963w; Trapping
level (pycnocline depth)-23.1 ft MSL; Mean ebb tide curren0:304 m/s (0.59 ktgpward the southeast.
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Dilution Factor (Dm) of fDOM Across all Depths

Encina Ocean Outfall, Ebb Tide, 20 December 2021
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Figure2.211: Full depth contour plot ahe (aka,heat may dilution factor (Ibow of fDOMduringAUVsurveys of the discharge plume from EOO during ebb tid® re@ember
2021. Average EOO discharge r=84.20mgd duringebb tide; Endof-pipe discharge concentration iHHOM = 27.5ppb (QSU)End of pipe sality = 0.96 pu, Trapping level
(pycnocline depth) =13.1 ft MSL; Meaabbtide current =0.304m/s (0.59 ktsfoward the southeast
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EOO effluentvould be below quantifiable detection limifsr any plume remnants beyond 400 m from
the outfall

Figure2.2.12 provides the salinity heat map generated from the AUV salinity measurements during the
EOCebbtide survey. Most of the features in tlebbtide salinity heat map range froilY = 33.4 pstin

the core of the plume remnartb as high aSY = 3355 psuin the farfield of the EOO diffusemhe far

field depthaveraged salinityrom the salinly profile in Figure2.2.3 indicates that natural background
salinity is'Y = 3348 psu with a standard deviation gf = 0.2 psu.While it seems pssible that the'Y

= 33.4 pswsalinity minimum could be due to salinity depression within the EOO plume renthargignal

to noise ratio of the salinity features Figure2.2.12 range fromonly "Y0Y = 0.0@0to "YUY = 0.0@1.
Therefore, all the salinity featuresfitigure2.2.12 have signal to noise ratios significantly below the lowest
order significance threshold for detection (i.&Y,0Y 1) and consequently cannot be associated with
suspectedlumeremnants.

Despite the low signal to noise ratios in the salinity heat mapdnre2.2.12, the fDOM heat map data
in Figure 2.2.9 and the corresponding signal to noise ratio dataFigure2.2.10 representprobable
evidence of an EOO plume remnasintered 393.9 m downstream of the EOO diffuser inat3®4 m/s
(0.59 kts) ebb tide current. This prompts the question of whether the BlDMe has beerdetected
beyond the point where initial dilution had been completed untter ebb tide current and water column
stratification that persisted on 21 December 2021.

We approach this question by performingPdumes 2QUM3) initial dilution simulations (seeTale 7)
usingactual ebb tide currents of 0.304 m/s (0.59 kts) on 21 December.20R& solution file listed in
Table8 indicates that the EO@itial dilutionwas439.41 at 31.2mgd
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Composite Salinity Contours Across all Depths
Encina Ocean Outfall, Ebb Tide, 20 December 2021
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Figure2.212: Full depthcompositecontour plot(aka, heat map)f AUV measurements sélinity duringurveys of the discharge plume from EOO during ebb tid® Bre@mber
2021.Average EOO discharge ragd20 mgd during ebb tide; End of pipe salinity = 0.96 prapping level (pycnocline depth)13.1 ft MSL; Mean ebb tide curren0.304 m/s
(0.59 ktsYoward the southeast.
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ThePlumes 20 (UM3olution also indicates that initial dilution under the 21 December 2021 conditions
was completed withirl97 mof the EOO diffuser. Data presented in fBM heat map irrigure2.2.9

during ebb tideshows the probable presence of an EOO plume remnant approximately 400 m beyond the
EOOThis suggests that the EOO plume (under December 2021 conditions) can be detected approximately
200 m beyond the point wherinitial dilution is complete. Consistent with this hypothesis, fDOM data
indicateadilution ratio in excess of 215:1 in tlvere of theplume remnant, whichis approximately 50%

greater thanthe minimum initial dilution oDm =144:1assigned withirthe current NPDES permit for the

EOO (No. CA 0107395, Order No2B98-0059)

On the following flood tide on@December 2021, the orange survey bo¥igure2.2.1 was flown by the
AUV withaccurate repeatability of the outbound and return legs along eactldfack lines (cf. Figure
2.2.14). During this survey, the AUV collecte| ¥3 separate measurements of salinity and fDOM along
a total distance surveyed of 21.2 km. The fD@#At map generated from thesaeasurements of f{DOM
concentrations is plotted ifrigure2.2.15, whichdo not exhibitthe banding patterngluring the frst AUV
deployment in September 2021 that wemessociated with spatial aliasindisplayng insteadfDOM
features that are similar to those that were mapped during the precedingtielat (cf.Figure2.2.9). The
fDOM heat map during flood tide iRigure2.2.15 displays variations in fDOMoncentrations across all
depthsthatrange fromQO0 =0.2 ppbto 1.3 ppb. These fDOM variations during flood tide also exhibit
horizontal structure having high spatial coherence with the EOO diffuser, with a singular, large fDOM
feature centered268.6m downtdrift (north) of the EOO diffuser in which elevated fDOM are in the range
of QOO0 =0.7 ppbto 1.3 ppb, orZ6% to 21% higher than the deptaveraged natural background
fDOMconcentration "QO 0 , = 0.309 ppbat control station EO®lood(cf. Figure2.2.5). Furthermore,

with the increased horizontal resolution afforded by th2 closely spaced track lines lfigure2.2.14,
thereislittle evidence of spatial aliasidige therepeating banded patterns in thibood tide heat map of
Figure2.2.15. Moreover, the fDOM concentrations in the remainder of the surveyed area outside of this
singular elevated fDOM feature are on the order'@Ob, e 0.3 ppb,consistent with the depth
averaged natural background fDOM concentration@® b, e 0.309 ppb. Therefore, the primary
elevated fDOM feature iRigure2.2.15that is centered 268.6 m downstream (north) of the EOO diffuser
in the 0.211 m/s (0.41 kt) flood tide current has the spatial coherence, structure, and contrast against
natural background to possibly be a remnant of the EOO discharge plume.
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Tabe 7: Plumes 20 (UM3) Initialization of EOO Ebb tide Ambient Condition® @elember 2021 with Ambient

Current

Project "®Rlumes2B00 Ebb 21Dec2021 1-cwitlent"

Model configuration items checked:

Channel width (m)

100

Start case for graphs

1

Max detailed graphs

10 (limits plots that can overflow memory)

Elevation Projection Plane (deg)

0

Shore vector (m,deg)

not checked

Bacteria model:

Mancini (1978) coliform model

PDS sfc. model heat transfer Medium
Equation of State ST

Similarity Profile Default profile (k=2.0, ...)
Diffuser port contraction coefficient 1

Light absorption coefficient 0.16

Farfield increment (m) 200

UM3 aspiration coefficient 0.1

Output file: text output tab
Output each 3&eps 25

Maximum dilution reported 10000

Text output format Standard

Max vertical reversals

to max rise or fall

/ UM3. 4/19/2022 1:09:10 PM

Case 1; ambient fillPLimes2B0O0 Ebb 21Dec2021 1-cwitlent.001.db; Diffuser table record 1:

Ambient Table:

Depth| Ambcur | Ambdir | Ambsal | Ambtem | Ambpol | Decay| Farspd | Fardir | Disprsn | Density
m m/s deg psu C kg/kg s-1 m/s deg | m0.67/s2 sigmaT
0.0 0.304 0.0 33.51 15.34 | 3.000080| 0.0 0.0 0.0 0.0 24.7687
3.465| 0.304 0.0 33.51 15.34 | 2.900080| 0.0 0.0 0.0 0.0 24.7723¢
6.389| 0.304 0.0 33.51 15.33 | 2.500080| 0.0 0.0 0.0 0.0 24.7741¢
9.479| 0.304 0.0 33.51 15.30 | 2.800080| 0.0 0.0 0.0 0.0 24.7812¢
12.52| 0.304 0.0 33.51 15.28 | 2.800080| 0.0 0.0 0.0 0.0 24.7843¢
15.53| 0.304 0.0 33.51 15.28 | 2.100080| 0.0 0.0 0.0 0.0 24.7851F
18.50| 0.304 0.0 33.51 15.25 | 2.500080| 0.0 0.0 0.0 0.0 24.7905E
21.44| 0.304 0.0 33.50 15.23 | 2.600080| 0.0 0.0 0.0 0.0 24.7912¢
24.48| 0.304 0.0 3341 15.04 | 2.500080| 0.0 0.0 0.0 0.0 24.76392
27.48| 0.304 0.0 33.48 14.50 | 3.000080| 0.0 0.0 0.0 0.0 24.9314¢
30.52| 0.304 0.0 33.32 13.82 | 3.100080| 0.0 0.0 0.0 0.0 24.9487:
33.47| 0.304 0.0 33.12 12.61 | 2.900080| 0.0 0.0 0.0 0.0 25.03897
36.47| 0.304 0.0 33.31 12.15 | 3.100080| 0.0 0.0 0.0 0.0 25.2692¢
39.47| 0.304 0.0 33.55 12.42 | 3.200080| 0.0 0.0 0.0 0.0 25.4046(
42.55| 0.304 0.0 33.53 12.19 | 3.400080| 0.0 0.0 0.0 0.0 25.4385¢
45.55| 0.304 0.0 33.53 12.19 | 3.700080| 0.0 0.0 0.0 0.0 25.4378(
48.68| 0.304 0.0 33.55 12.08 | 3.730080| 0.0 0.0 0.0 0.0 25.4698¢
P-dia |Ver angH-Angl¢Source)jSource| Ports | MZdis | Isoplth | P-depth| TtHlo | Effsal | Temp | Polutnt
(in) | (deg)| (deg)| (f) | (ft) 0 (m) |(concent (ft) | (MGD) (psu) | (C) | (ppb)

27750, 0.0 0.0 0.0 0.0

138.00] 2000.0; 0.0

155.75| 31.200) 0.9600| 19.380| 217.50
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Table8: Plumes 20 (UM3putputof EODilution FactoDrioom) during Ebb Tide or0December 202 with Ambient
Current(FinalDiom solution highlightedn yellow)
Simulation: Froude No: 18.81; Strat Neb;3338F No: 7.909; k: 8.351; eff den (sig@2d)19; eff vel 2.539(m/s)

Amb | Amb
Depth | cur sal P-dia | Effsal | Polutnt| Dilutn | CLdiln | x-posn | y-posn | Iso dia
Step | (ft) | (m/s) | (psu) | (in) | (psu) | (ppb) 0 0 ) | @ (m)

0 155.8| 0.304 | 3354 | 2.775| 0.960| 217.5| 1.000| 1.000 0.0 0.0 0.0;

25 155.7 | 0.304 | 33.54| 4403 | 14.05| 131.7| 1.654| 1.000| 0.376 | 0.0 0.1118;
50 155.7| 0.304 | 3354 | 6.814| 21.66| 80.89 | 2.697| 1.348| 0.958 | 0.0 0.1731;
75 155.7 | 0.304 | 33.54| 10.31| 26.30| 49.64 | 4.408| 2.204 | 1.893| 0.0 0.2618;
100 155.6 | 0.304 | 33.54| 15.15| 29.13| 3047 | 7.216 | 3.608 | 3.412 | 0.0 | 0.3849;
125 1554 | 0.304 | 3354 | 21.60| 30.85| 18.75| 11.82| 5911 | 5.878 | 0.0 0.5487;
127 1554 | 0.304 | 33.54| 22.19| 3096 | 18.04 | 12.30| 6.149| 6.114 | 0.0 0.5638;
merging
150 1548 | 0.304 | 33.54| 30.49| 3190 | 1159 | 19.38| 10.73| 9.943 | 0.0 0.7744;
175 153.6 | 0.304 | 33.54 | 43.63| 3254 | 7.214 | 31.78| 21.10| 16.17| 0.0 1.1083;
200 1515| 0.304 | 33.54 | 64.44 | 3293 | 4547 | 52.12| 34.75| 25.26 | 0.0 1.6369;
225 148.0 | 0.304 | 33.53| 99.36 | 33.17| 2920 | 85.49 | 56.99 | 38.83| 0.0 | 2.5239;
250 1424 | 0.304 | 33.53| 159.0| 33.31| 1924 | 140.2| 93.49| 59.72| 0.0 4.0388;
275 1334 | 0.304 | 33.54| 2599 | 33.40| 1.308 | 230.1| 1534 | 92.82| 0.0 6.6016;

293 123.8| 0.304 | 33.42| 374.3| 33.43| 1.015| 328.6| 219.0| 129.9| 0.0 9.5075;
trap level
300 120.5| 0.304 | 33.33| 425.0| 33.43| 0941 | 367.5| 245.0| 1455 | 0.0 10.795;
325 1159 | 0.304 | 33.24| 512.6 | 33.41| 0.850| 430.1| 286.7| 179.6 | 0.0 13.021;
339 115.4 | 0.304 | 33.23 | 526.6 | 33.40| 0.839 | 439.4| 2929 | 194.6 | 0.0 13.376;
local
maximum
rise ofall;

Horiz plane projections in effluent direction: ra@idsChjm$9.330
Lmz(m)59.330

forced entraih210.412.3013.38L.000

Rate se@ 0.0dyl 0.0 kt: 0.0 Amb S&3.2259; 1:09:16 PM. amb fills: 4
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Elevation View of Plume Trajectory
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Figure2.213: Plumes 20 solution of discharge plume trajectories for discharges of 31.2 mgd of EOO effluent at a dischargeSgalnit/ @6 psu, per operating conditions and

water mass temperature&inity profiles during ebb tide ordPDecember 2021. Plumes 20 simulation performed based on ambient current = 0.304 m/s per ADCP measurements.
For the 20 December 2021 conditions, #Zi®(completion of initial dilutionjs defined by the maximum horizah excursion of trajectories from the origin. From the maximum

197 m

=197 m so that ZID =

0.0mto X

horizontal spreading of the plume, the ZID extends from X
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Figure2.214: AUV track lines as flown rig flood tide surveys of the discharge plume from EOO during the second deploydri@etenber 2021. The total dimension of the
AUV surveyed area on flood tide was 707.1 m in the longshore (shore parallel) direction and 1,414.2 m ondherer@ff shore) direction or a total surveyed area of

approximately 247.1 acrelote, at 30N latitude, 2 longitude = 93,453.2 m, whilé tatitude = 110,904.4 m.
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