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Purpose

This technical memo documenttse TXBLEND hydrodynamic and salinity transport simulations
conducted for the Guadalupe Estuary at the request of the GuadéhapeAntonio Bay and Basin Expert
Science Team (SA BBEST) to aid their effort in fulfilling the mandates of the Senate Bill 3pifoce
developing environmental flow recommendations for the Guadalupe and Migsiansas estuaries.
Thisdocument focuses on the validation of salinity at sites in the upper Guadalupe Estuary. Additional
information about model calibration and performee can be found in the July 2010 repdixBLEND

Model Calibration and Validatidior the Guadalupe and Missighransas Estusas(TWDB 2010a),

which was presented to a-6A BBEST Estuary SubcommaitteMay 2010.

Background

TWDB staff recently compkd a calibration and validation exercise for the Guadalupe and Mission
Aransas estuaries TxBLEND hydrodynamic and salinity transport model (TWDB 2010a). Since that time,
new information has become available allowing staff to update and extend the hggrédo the

Guadalupe Estuary to include data for gaged and ungaged inflows, diversions, and returns through 2009.
Additionally, HDR Engineering, Inc. provitedWDB their compilation afiversion and return flow

data for the Guadalupe and San AntonigeR basindor the period 19412009. This diversion and

return flow data differs from the official record maintained by the TWRBich includes data obtained

from the Texas Commission on Environmental Quality and the South Texas Water Magterbaed

on dataobtaineddirectly from the permitted diverters and dischargers within the based TWDB

2010b for additional explanation). Therefore, considering the HDR diversion and return flow data to be
more complete, the5-SA BBES€quested that TWDHevelop an updated hydrology, based on the HDR
data, and use this as an input to thi@BLENDModel to obtainsalinitysimulationsfor use inconducting

GIS analysess part of the effort to determinéreshwater inflow recommendations fahe estuary.
Additionally, the GSA BBEST requested that TWDB conduct additional validation foofsitésrestin



the upper Gudalupe Btuaryand in the middle of San Antonio Bayhstechnical memo documents the
differences in model inputs between the previoustported TXBLEND simulatiorss (documented in
TWDB 2010a) and the current simulations being providetie GSA BBEST for analysis, as well as the
model results and validation of salinity at selected locations within the Guadalupe Estuary.

Model Grid

The full TXBLEND model grid for the Guadalupe and Miggimmsas estuarine system is presented in
TWDB 2010a; however, a cleseview of the Guadalupe Estuary model grid is show in Figure 1. Within
the Guadalupe Estuary, the&A BBEST selected tections of interest (GI510; Figure 2) which
correspond to specific TXBLEND nodes within the model grid (Tabl&\IDB conducted additional
salinity validation for these locations of interedflodel validation comparisons were made for G1, G2,
G3, G4, DE (near G3), SANT, MOSQ (near G6), and GBRA1 (near G10).
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Figure 1. Closep of the Guadalupe and Missigkransas TXxBLEND computational grid focusing on the Guadalupe
Estuary. The full model grid includes Matagorda, Aransas, Copano, and Corptib&ysi(see TWDB 2010a).
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Bay. Also shown is the TWDB Datasonde sta{teANTJ, near Seadrift.
Model validation comparisons were made for G1, G2, G3, G4, DELT (near
G3), SANT, MOSQ (near G6), and GBRA1 (near G10).

Table 1.Selectedksite of interest and correspondingodes within theTxBLEND model grid.

. - TXBLEND Grid
Site Description Node
G1 upper estuary 2773
G2 upper estuary 2612

upper estuary near DELT
G3 datasonde station 2570
G4 leysSQa . 2687
upper estuary near SANT
G5 datasonde station 2347
middle estuary near MOSQ
G6 datasonde station 2175
G7 middle estuary 2058
GS8 middle estuary 2461
G9 middle estuary 2113
middle estuary near GBRAL
G10 datasonde station 2393




Hydrology

The previous calibration and validatiohthe GuadalupeMissionAransasTxBLENodel (TWDB

2010a) relied on hydrology version #TWDB201002, which was not fully updated for diversion and return
flows through 2009. Additionallgalibration and validation was based amodified version athe
#TWDB201008ydrology, whereby inflowfom four ungaged coastal watersheds surroimgiSan

Antonio Bay\(VS24607, WS24608, WS24603, and WS24&@#igure 5 in TWDB 201@ind Appendix

A, Figure Al) were not included. These watersheds were exclutedause the model has a singular

inflow point, the Guadalupe River inflow poirBy ncluding the contribution of these watersheds ireth
Guadalupe River inflow point, model salinity values were too low comparebgerved salinity datat

the SANT datonde station near Seadrift€eFigure 2 for SANT location).

Recently, TWDB obtaineth independent compilation (prepared by HDR Engineering, Indiyerfsiors
and return flows in the Guadalupe and San Antonio river bdmitwmv USGS stream gages #8300
(Coleto Creek near Victoria), #8176500 (Guadalupe River at Victomii}31888500 (San Antonio River
at Goliad).At the request of the GGA BBEST ,ishdata wasised to develop an alternative hydrology of
inflows entering the Guadalupe Estuavgison #HDR010QL). Details of this alternatiieydrology are
reported in the technical mem@oastal Hydrology for the Guadalupe Estuary: Updated Hydrology with
Emphasis on Diversion and Return Flow Data for-2009, November 2010TWDB 2010b)For the
simulations of TXBLEND considered in this memo, verditibR0100L, includingall ungaged
watersheds, was used as an input to the modéhure 3 shows the difference in combined inflows for
the modified version #TWDB20100Quad2009JMysed in the TxBLENMlibrationand validatioras
compared to thealternativehydrology #HDR0100QL used for this technical memarhe largest
differenceoccurs during the 2009 drought, with the newer hydrology showing lower inflows to the
estuary. Appendix A also explores imore detail the differences between the two hydrology estimates.
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Figure3. Acomparison of estimates of combined inflows to the Guadalupe Estuary for
the modified hydrologyversion #TWDB201008(ad2009JMplue) andthe alternative
hydrologyversion#HDR010Q (red); ordinate is a log scale




Salinity Data

TxBLEND model calibration and validation require salinity data. Whilesgnes salinity data is
preferred due to increased reliability for model comparisons, it is not often available atthmamea few
select locations within the estuafFigured). Alternatively, numerous poitheasurementdata are
available from monitoring programs conducted by the Texas Parks & Wildlife Department Coastal
Fisheries Program, the Texas Commission on Emréntal Quality, and the Texas Department of State
Health Services.Therefore, though point measurement data are available to serve as a guide for
comparisonas with timeseries datarelatively little data is availabl@ the upper estuary. Figute

shows point measurement data extracted within an area adjacent to §ites G4
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Figure4. Datasondestation locations in San Antonio Bay which provideetseries salinity
data. DELT (x), MOSQ ), andSANTA) stations are maintained by TPWD, though SANT is
funded by the TWDB as part of the-operative Datasonde ProgranGBRA1*() is funded

by the GuadalupeBlanco River Authority and maintained by the Conrad Blucher Institute.
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Figureb. Stes ofinterestin the upper Guadalupe Estuary, (a) G1, (b) G2, (c) G3, (@)®ELTEach site
(marked byx-symbo) is bounded by a polygon which defines the adjacent area from which-pu#aisurement

data(blue + symbo)swvere extracted for use in model kdation. G1-G4 were locations of interest selected by the

G-SA BBEST,; DELT is a TPWD datasonde station in the upper estuary.



Table2. Latitude and Longitude of the cormedefining polygons surrounding
sites GI¢ G4and DELTfrom which point measurente salinity data was
extracted for model validation.

PolygonG1 PolygonG2
Latitude Longitude Latitude Longitude
upperleft 28.462876 -96.806579| 28.445000 -96.781000
upper-right 28.469113 -96.786847| 28.447000 -96.756000
lower-left 28.427126 -96.780861| 28.414000 -96.770000
lower-right 28.439266 -96.749075| 28.413100 -96.744000
PolygonG3 PolygonG4
Latitude Longitude Latitude Longitude
upper-left 28.400409 -96.783165| 28.410987 -96.827121
upper-right 28.414317 -96.752783| 28.417414 -96.805848
lower-left 28.384345 -96.771797| 28.390434 -96.812479
lower-right 28.389283 -96.740517| 28.400318 -96.787223
Polygon DELT
Latitude Longitude
upper-left 28.412245 -96.774214
upper-right 28.419071 -96.746713
lower-left 28.376528 -96.767059
lower-right 28.391978 -96.720495

Results

Comparison tdDbservedsalinity Data

Figures to 13 show that the TXBLEND model captures major saliretyds in the system reasonably,
but higher frequency fluctuationare more difficult to simulate The model also performs better at mid
and lower bay locations than in the upper estuaBummary statistics, comparing simulated to
observed salinities, are shown in Table 3.

It is important to remember that relatively little to no data is available for model calibration in the upper
estuary. Moreover, the upper estuary simulations of salinity are affected by the river boundary
condition, which issetin relatively closgroximity to the bay and by thelargesize of the grid cells in

this area Improvements in model simulatiors upper estuarine salinity conditiongould require
modifications to the TxBLEND model to move the river boundary further inland and reduce the size of
the grid cells. Whilé is possible tanake such modificationshese are not feasible in the time available
to the BBEST. TxBLEND models of the major bays were not originally set up to focus on upper estuarine
salinity dynamics and so less attentioastbeen given to improving model performance in these bay
locations. With increasing intereist modeling salinity in the upper estuarine zogmed with increased
access to data for these areas, TWDB can work to improve TXxBLEND model performance in upper
estuarine zones.
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Figure6. Simulated salinities€d) and observed poinrtneasurement datg+symbol3 at sites(a) G1,(b) G2,(c) G3, andd) G4 in the upper Guadalupe

Estuary for the period 1982009
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Figure?7. Scatter plot comparing simulated daily salinities to observed point measurements of salinity at
sites(a) G1, (b) G2, (c) G3, and (d)isthe upper Guadalupe Estuary for the period 12809.

Table 3.Statistics comparing simulated versus observed salinities during the period2D@®7at five
locations in the upper Guadalupe Estuary. The quantity of observed data available for comparison
varies among sites depending on availability.

Average Salinity (ppt)

N 2 RMSE Nash
Location (Pp1) sutcliffe. i ulated  Observed
G1 79 0.15 7.376 -1.168 9.22 5.85
G2 88 0.27 6.540 -0.916 1167 7.36
G3 70 0.49 6.551 0.249 12.64 10.3%
G4 54 0.72 6.072 0.395 14.32 10.11
DELT 203 0.47 6.32 0.385 1219 11.43
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Figure8. Simulated salinities€d) and observed poirtneasurement datg+symbol$ near the TPWD
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Figure9. Scatter plot comparing simulated daily
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Figurel0. Observedlflue, symbolst, A versus simulated¢d) salinities (at the G3 node) near the DELT site
in San Antonio Bay for (a) 192909 and (b) for 2062009.
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