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Introduction

Phis memorandum prosents results of a dry scason (Le., no river inflow) water budge
and salinity asscssment of the Santa Clara River Estuary. Salinity fovels in the estaary
were estimated by mcorporating a mass balasce cquation into an existing water buduet
model. Three distinet £ill and breach cyeles were captured in hydrolegic monitoring data
from 2004 (Fig. 1. Data from the spring eveat (48704 to 5/1 6/04) were chosen to
calibrate the model. The model was then validated using data from the summer (6/804
00 7/1504) und autamn (L1804 to 12/14/04) Allbreach events. The updated model
sumulated changes in water level and salinity in the estuary under 2 suite of Warer
Freatment plant refease seenarios, includiag 7-MGD, 5-MGD, 3-MGD. and 0-MGD.
Model sinmlations of the various Water Treatment plant release seonarios began i April
and ran through mid-December, Results show that decreasing rates of Water Treatment
plant releases slightly increase estuarine sadinity levels and lengthen the duration of time
during which the barrier beach is closed. Even under the most extrome scenario {0-
MGD), however, the model suggests only a modest increase in salinity levels because
inflow of relatively fresh groundwater maintains the system as a brackish water body,

Model Description
The water budget tracks hydrologic inputs and outputs at a daily time step using the water
balance cquation:

AV = Qur + Qow — ET - Qpe (eqn-1)

Where: AV js the change in the volume of water stored in the estuary (MGD)
Quer is the dischasge from the Water Treatment plant ( MG

Qe is the net discharge fronyto the shallow groundwater (MGD)

BT recounts for the combined losses due to open-water svaporation wad
Cvapotiunspiraton (MGD)

and Qs s the discharge lost by scepuwe through the barrier bonely (MGD),
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Water level and surface area of the estuary are then caleulated usiing stage-solume and
stage-area relationships determined from a compilation of buthy metric sury Cy
snrTmtion.

the model requires the user to input a water fovel in the estuary for the e ar w hich the
fdal infet closes. For cacluday: (1) the indtind water lovel Is ased to cafeulnde an | al
volume {Viy and surface arca for the estuary. (27 AV is calculated from cgn-L (3 o
volime is caleulated as Vo = AV, and (45 a fnal water level is caleulutod from the stage-
solume eelatron. The thad water level and volume are then used fo sof the initiaf

vonditions forbe next day and the model repenss.

Lo wedel tracks walinity In the cutuary using the mass balane Cquaton:

AS - Swr S(';w - “:szs E‘Q&iﬂ»l)

Wherer AS is the change in the mass of salt dissolved in the estuary (ke
Suris the maess of salt dissolved in the Water Treatment plant discharge tkgy
Sew 18 the wmass of salt dissolved in the discharge to/from the groundwater (kg
and Spy is the mass of salt dissolved in the water lost to beach seepage (kg)
The mass of salt dissolved in the individual components of the water budget for uny
given day s caleulated as the product of the volume of water associnted with that
vomponent (MG) and the salinity level (kg™G) of that component.

An initial salinity level is specified for the water stored in the estuary upon closure of the
tidal inlet. The preduct of this initial salinity and the initial volume of water in the
estuary yiclds an initial mass of salt dissolved in the estuarine water (5. Forcach day:
(1) AS is calculated using eqn-2, {2y a final mass of dissolved salt (S is calculated as S,
#AS, (3) Sris divided by the volume of water stored in the estuary to caleulate the daily
salinity Jevel. The final mass of dissolved salt is thea used to set the initial condition for
ihe next day and the model repeats.

Model Asswnptions
Ihe water budget is based on the following assumptions:
*  Dry scason conditions (i.c., no precipitation. no river inflow),
* Avclosed barrier beach preventing tidal exchange with the ocean,

*  Evaporation/Evapotranspiration is a function of inundated surface arca:

ET = o (BT 125 A teqn -3)



Where BT aecouats for the combined lusses due 1o open-water svaporation uad
cvapotranspiration {in)

¢ = L1 a constant that vonverts £ to open-water ovaporation and, or ripariu
Vegatation cvapotranspiration

ETa s ihe daily reference cvapotrnspiraiion of Oxaand, OA {in)

and A ds the inundated surface area (18,

& Bguation J asswmes that dry scason open-watcr cvaporation and riparkan
vogetition evapotranspiration mies are cquivalent,

+  Boachseepage is a function of the daily estuary-ocean head differeatial, i
modeled wsing the hvdrastic conductivity of coarse sand (4.3 £t dirv ki assunns
that the harrier heach-ostuary interface is 3000 foot wide snd the beach width is 15
feet.

*  Fhe et discharge fromyvio the shallow groundwater svstem is a function of the
daily estiary-groundwater head differential:

Where Qo is the net discharge fromito the shallow groundwater {MGD)

H is the daily water Tevel in the estuary {foet NAVDRSE)

d is the daily recession of shallow groundwater levels = 0,013 {f/dayy

and K is an empirically derived fransicnt term eapturing the seasonal groundwater
table recession.

This cquation cstablishes a stage-groundwater relationship whereby Qew is a
positive term in the water balance (net input) when the water levels in the estuary
are lower than the adiacent shatlow groundwater table and Qow 18 a negative term
in the water balance (net output) when the water Tevels in the estuary are higher
than the adjacent groundwater table. The y-mtercept tn the cquation declines
throughout the year to simulate declining elevations of the aronaubwater levels, in
April, Qgw is near zero when water level clevations are siightly above 9 feet
(NAVIRR). Later in the summer. Qe is near zero when water level clevations
arc about 8 feet (INAVIDIRK).

The incorporation ot a mass balance equation to estimate salinity is hased on the
following assumptions:

#  The estoary 1s well-mixed,
»  Salinity lovels of Water Treatment plant releases are | oot

o Determined from the average specific conductance of discharge ot the
ontfali to the estuary for 2004
Additional diserete water quality micasurements from 156070 indicate 4
stightly higher salinity range of 1.3-1.7 ppt.
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» Salinity levels of grovadwater inflows are 14 ppt,
o Determined ium LI ici calibration.

> Uhis valtue s higher than published L ;GS soater ualiny &

or value is ¢ : S

wolls, however, a hug
fromg decp e clls ued we o
o diret seopage and agricultusal retum fow
drouadwator,
dinity lovels of groondwarer outflo:
calaiy !
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v oon that given day.

s Sulinity levels of the discharge
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Viodel Calibration

Continuous water level and specific conductance data from the pertod 408,04 (o 516,04
(Fig. 1} were used to calibrate the model, Salinity cstimates were obtained fron the
specilic conductunce data using the cquation:

S = 0.00065C - 0.57 {eqn-3)

Vhere S s salindty (ppt)
nsm[ SC s specific conductance (pS/cmy).

The salinity specifie conduetance cquation is derived from a Hacar Coress
taken as discrete water quality measurements on 1 16:03 and 218,04 (=77 R =
0.9995).

ion of data
Bl

Sahinity data were not available for all days in the calibration pertod, The sensitivity of
the instrument probe measuring specific conductance was limited to values loss than
FEAT9.S pS/em {equivalent to a < inity ot 626 opti As auch, messurements of < pecitie
conductance during the initial days following the closure of the tidal infet durng early
April 2004 cxeceded the sensitivity of the probe (Fi 1g- 1) Aswater fevels rose, salinity
decreaged bfeiow the sensitivity of the ')erL on 41904, Salinity decreased with
inereasing water level until 3/4/04 when sali ity levels vnee again exceeded the
sensitivity of the probe. This “spike” coincides with a brict period of wave overwash
during 4 spring tide. Interestingly. salinity quickly retimed to the Jower concentrations
observed just prior o thc wave overwash and continued to decrease until the barricr
beach was hreached on /1704 A time serics of average ¢ Aty salinity was constrpctod
from rthe continuous :i(tm and used to cabibrate and evaluate the model ¢ iFio. 7).

Phe medel parometers and ranges of vahies cxplored during the calibration proceas swero:
ehy mitial sahinity levels in the estuary folowing closure of e barrier beach (13 w0 30
ata (1 to 3 ppt), and (3) salinity of Water Trewnient
intty that most closety

ppt, (2) salinity of groundsvater |
phant relenses (48 !fa P77 oty Wadues vielding g me sorios af «a
E b e

s-v,-wéaﬁ}!u(.f the chserved sl ity 1 the estuery wee:
Fv oy o 2 g
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» A groundwater inflow salinity of 14 ppe
s A CWater Treatsent release salinity of | ppt,
es the comparison of sinruhated and obsersod vadues of salininy and wate

= wadibration perind,

Yodet Validation

Phe medel was run Tor tvo additionad periods using sulinity paramcters from the

calibration peried. The ondy pars simhr *Li_j,,\‘ bed for e v mchﬁioﬁ runs wag the inal
water level in the esteary followh ofihe barrier bunch, Hydrelogic moniroring

Juta indicate that initdal water i;' clclevations were 3.0 feot (NAVD 39 followiug ;hg
closure of the barrter beach on 625 04 qud 1.8 Sool (NAVD 881 fullow] g the closure of

the barrier beach on 11404, Comparisons of simulated and observed values of s I Lty

and water level for the two validation porieds yiclded aceeptable results to validate the
model (Fig. 3 and Fig 1),

Simulation of Various Water Treatment Plant Discharge Rates

The water budget and salinity model was used to simulate wz*dztmn; under the following
Water Treatment plant release scenarios: 7 MGD, 5-MGD, 3-MGD, and 0-MGD, The
simulation runs began on the same date of the calibration pcuod {4804y and were
continued until cither (1) water levels rose to an clevation where mtumi breaching of i
barrier beach has been obscerved to occur wpg,ata.,dh 1012 feet), or £2) mid Du,c.mb:;
Fhe time series of simulated water lovels ond safinity in the csfuary are plotted to
lustrate the impact of reduced Water Treatment plant releases (Fi ig. 3}

Run 1: Water Treatment Plant releases 7-MGD
»  Barricr beach is breached 29 days into simulation.
*  Under the model calibration simwlation, the barricr beach breaches after 46 - days
of fifling at an average Water Treatment plant release rate of 5.9-MGD.
»  Salinity en day 25+ 2,44 ppt.

Run 20 Water Treatment Plant releases 5-MGD

*  Water level never exceeds the specified threshold {1012 foot NAVD 887 to
indicate a breaching of the barricr beach,

o Watcer levels do, however, come very close. Highest water lovel oceurs 76 days
into simulation at 9.93 Feet,

= Sulinity on day 235 = 2.31 ppt.

+  Salinity on day 30 = 2.19 ppt.

»  Salinity on day 75 = 181 ppt.

+  Salinity on day 190~ 1.63 ppt.




Run 3:

*

® @ & @&

Water Treatment Plant releases 3-MGD
Water kevel never exceeds the specified threshold to indicate a breaching of the
burnier beach,

Ty

Highest water fovel covurs 31 days inte simulation o1 9,22 foot

con day

!

linity
alinity on day 75 -
inity on day 100 = 221 ppt.

aliziey on day
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SWider Teoatment Plast roleases -3GO

Water fovel nover exoouds dhe spocifiod threshold w Indicas
barrier beach,

Highest water level oecurs 31 days lnto simulation ar 3,13 feet,
Salinity on day 25 = 421 ppt.

Salinity on day 30 = 3.98 ppt.

Salmity onday 75 = 331 ppt.

Salinity on day 100 = 3.72 ppt.
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