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Introduction

Senate Bill 137 (1975), House Bill 2 (1985), Senate Bill 683 (1987), thad legislative

directives call for the Texas Water Development Board (TWDB) to maintain a data collection
and analytical study program focused on determining the freshwater inflows needs which are
supportive of economically important and ecologicallyrabteristic fish and shellfish species

and the estuarine life upon which they depend. More recent legislative directives, Senate Bill 1
(1997) and Senate Bill 3 (2007), also direct TWDB to provide technical assistance in support of
regional water planningnd development of environmental flow regime recommendations,

which include consideration of coastal ecosystems. In response to these directives, the Bays &
Estuaries Program at TWDB hesntinued to develop and implem@xBLEND, a twc

dimensional, deptaveraged hydrodynamic and salinity transport mddedimulate water

circulation and salinity conditiowithin the bays. Because TXBLEND produces higbolution,
dynamic simulations of estuarine conditions over {argn periods, the model has beerdi

a variety of projects including freshwater inflow studies, oil spill response, forecasts of bay
conditions, salinity mitigation studies, and environmental impact evaluations.

Presently, TWDB has calibrated TXBLEND models for all seven of the rasjoaries in Texas
including Sabine Lake, Galveston Bay, Matagorda Bay, San Antonio Bay, Aransas and Copano
Bays, Corpus Christi Bay, and the Laguna Madresome cases, TWDB has mtiy models,

such as presented in this repdi¥hile TXBLEND contines to be the princgd hydrodynamic

model used by TWDB for estuary analyses, staff is exploring the use offihtreasional
hydrodynamic models for future efforts.

This report is one in a series which documents the calibration and validation of TxBioEND

the major estuarine systems. This report focuses on the calibration and validation of TXBLEND
for the LavacaColoradoEstuaryand East Matagorda Balyut is notimited to thesebay

systens. Instead, thenodel includes Espiritu Santo Bay and Sanofid Bay to the wesh

order to better simulate water circulation and salinity transport within the esiieBy.END

was calibrated for velocity, discharge, surface elewatind salinity.The model subsequently

was validéed for salinity Model validation focused on model performance near established
long-term monitoring locations. However, additional sites may be validated upon request or as
data becomes available. Futupates to model calibration or validation will be documented in
subsequentersions of this report.

Study System

The LavacaColorado Estuary (or Matagorda Bay systésrthe second largest estuary in Texas
andincludes Lavaca Bay, Matagorda B&aranehua Bay,TresPalacios Bg and several

smaller bays Major freshwater inflowsouces includehe Coloradol.avaca and Tres Palacios
Rivers. The Colorado River disclges intathe eastern arm dflatagorda Bayia the Diversion
Channelandthe Lavaca River discharges into Lavaca Bay. The Matagorda Ship Channel
transverseghe bayfrom the Gulfof Mexicothrough the Entrance Channel toward Lavaca Bay.

A direct connection to the Gulf of Mexico exists throlRgss Cavallo and tieanmade

Entrance ChanneMat agor da Bay 0 dsconeestéddorthe Ban &rtonis Bag e
system(via Espiritu Santo Bay) through the Gulf Intracoastal Waterway (GIWW), Saluria Bayou
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and Big Bayou passe&ast Matagorda Bay is included in the TxBLEND model grid, but is
separated from Matagorda Bay. East Matagorda Bay has no direct source of éesifloat,

aside from surface runoff, and has one connection to the Gulf of MeXi¢o @t ¢ h e britles Cu't
eastermost edge of the bay.

Figure 1. Regional map of the LavaCalorado Estuary on the Texas coddiatagorda Bay
receives freshwater inflowdm the Colorado and Lavaca Rivers (via Lavaca Bay) and has a
direct connectiomo the Gulf of Mexco via the Entrance Channel aRdss Cavallo.

Model Description

TXBLEND is a computer model designed to simulate water circulation and salinity conditions
estuaries. The model is based on the fielment method, employs triangular elements with
linear basis functions, and simulates movements in two horizontal dimensions (hence vertically
averaged). TXBLEND is an expanded version of the BLEND modelaged by William Gray

of Notre Dame University to which additional input routines for tides, river inflows, winds,
evaporation, and salinity concentratiomsre adde@long withother utility routines to facilitate
simulation runs ss@rayild87, TWOBd999). Whectreent neesierdof
TXBLEND being used for model applications is Version S8HH.f. Important parameters and
features of the model are explained in Table 1.



Water circulation (velocity and tidal elevation) is simulated by sgltre generalized wave

continuity equation and the momentum equation, often jointly calleshléow water equations
(TWDB 1999). Salinity transport is simulated by solving a mass transport equation known as the
advectiondiffusion equation. Severassumptions are inherent to using the shallow water
equations to simulate twdimensional flow in a horizontal plane, specifically:

Fluid depth is small relative to the horizontal scale of motion

. Vertical pressure distribution is hydrostatic

. Vettical stratification is negligible

Fluid density variations are neglected except in the buoyancy term (Boussinesq
approximation).

Bwpp

Texas bays are generally very shallow, wide, bodies of water which are relativahatifined,
thus satisfying the asmptions above.

Model output includes timearying depth and verticallgveraged horizontal velocity

components of flow and salinity throughout the model domain. TxBLEND thus provides water
velocity and direction, surface elevation, and salinity at eade m the model grid (see below

for details about the model grid for the Lav&@alorado Estuary). The model does not provide
information about vertical variation within the water column, but rather provides information
about horizontal variation, suck aalinity zonation patterns throughout the estuary. The model
is run in two or three minute tirrgteps, typically with hourly output. Model simulations may be
run to represent brief periods of time, a week or month, or may be run for years.



Table 1. Description of TXBLEND model parameters, features, and inputs.

Feature

Description

Generalized Wave Continuit

Equation (GWCE)

A special form of the continuity equation designed to avoid spurious oscillatiol
encountered when solving the primitive conttgugquation using the finite eleme
method. Solved by an implicit scheme prior to solving the momentum equatio
The GWCE is an established equation used to solve-bzasce or flow
continuity in 2D finite element hydrodynamic models (Kinnmark andyGt884).

Momentum Equation

2-D, Depth Integrated Momentum Equation is solved for most applications: N
linear terms are neglected most of the time.

AdvectionDiffusion
Equation

Used to calculate salinity transport.

BigG

A parameter in the generalizevave continuity equation. Larger values of BigG
reduce mass balance errors by increasing the enforcement of the continuity
equation at the price of increased numerical difficulty (TWDB 1999). Typically
set at 0.0 0.05.

Manning's n Roughness
Coeffident

Used to represent bottom friction stress. For TXBLEND, 0.015to 0.02 is a
reasonable default value, but can be increased to 0.03 or higher for a seabed
thick grasses or debris or lowered to 0.01 or less to represent a smooth bay b

Turbuent Diffusion Term

A diffusion factor, representing horizontal diffusion, used to diffuse momentuni
a result of the nofinear term in the momentum equation.

Boundary Conditions

Three types of boundaries form the edge of the model domaiRivéy) Boundary
T portion of river entering the bay; (Zjdal Boundaryi the limited portion of Gulf
of Mexico included where salinity and tidal boundary conditions are set; and,
Shoreline Boundary enclosing boundary of the bay.

Wind Stress

Used to impos the effect of wind on circulation.

Dispersion Coefficient

Uses a modified version of tdsmersibhar |
constant (DIFCON) that can be varied depending on expectations for mixing n
and to better simulate salinity condiis. Due to variable velocities, the dispersi
coefficient is updated in 3thinute intervals during simulation. For most
applications, constant dispersion coefficients are used.

Coriolis Term

Used to impose the Coriolis Effect on the hydrodynamics

Tide Data

Water surface elevations at the ocean boundary are specified by input tides.

River Inflow Data

Daily river inflows are introduced at identified inflow points. The data are obta
from TWDB Coastal Hydrology estimates based on gaged and ungdlpeasi

Meteorological Data

Includes evaporation, precipitation, wind speed, and wind direction. Wind data
be input as daily average;hH®ur average, or as hourly data. Evaporation data i
used to reflect the effect of evaporation on salinity (Md<€tfl). Evaporation rat
is a modification of the Harbeck equation to estimate daily evaporation from
estuaries developed by Brandes and Masch (1972). Precipitation is input as (
values.




Intracoastal Waterway,

Creek, Carancahua Creek, Keller Creek, Cox Creek, Lavaca River, Garcitas Creek, Chocolate
Bayou, Powderhorn Creek, Guadalliger, and Hynes Credligure §. Bathymetry used to
develop the grid was obtained frahe National Oceanic and Atmospheric Admnstration

The TXBLEND computational grid for the Lavadaolorado Estuary contains 8,340 nodes and
(NOAA) NauticalChart 11316 Matagorda Bay and Approachesd the Army Corps of

13,389 element@-igures 2, 3,4, and 5. In addition to the bays of the LavaCalorado Estuary
system, the model grid alsacludes East Matagorda Baythe east and Egjiu Santo Bay and

San Antonio Bay to the wesThese bays weliacluded toyield better simulation results by
Engineers Matagorda Bay Moge&lhich covered Matagorda Bay and Lavaca Bay, as well as
Carancahua, Chocolate, Cox, Keller, Tres PalaciosTartte bays. San Antonio Bay

from Caney Creek, Lake Austin, Boggy Creek, Colorado River, Tres Palacios Creek, Turtle
bathymetry was determined from the NOAautical Chart 11315:

modeling conditions at the boundary of the estuary, rather than pneg@reset boundary
condition. The model gd hasl5 inflow points which corespond tdreshwater iflows coming

Espiritu Santo Bay to Carlos Baycluding San Antonio Bay and Victoria Barge Canal.

TXBLEND Model Domain for the Lava€2olorado Estuary
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Figure 2. Computainal grid for the Lavac&oloradoEstuarymodel The model grid includes

East Matagorda Bay arigbpiritu Santo an&anAntonio baysin order to better represent

bounday conditiors for Matagorda Bay
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Figure 4. Closaip of the computational grid féhe intersection of the Colorado
River andthe Gulf Intracoastal Waterway (GIWW)The Bypas<hannel was a
part ofthe Colorado River before the-reuting of the river tdlow into the

eastern arm dflatagorda Bay through tHiversionChannel.
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Figure 5 Closeup of the cenputational grid for East Matagorda Bay.

Figure 6 Fifteen inflow points for thé.avacaColorado Estuarf xBLEND model.



Inflows

Daily inflow values were taken from the TWDB coastal hydrology datasesion
#TWDB201004for the LavacaColorado EstuargyTWDB 2011a) from Version #TWDB201004
for East Matagorda BayfWDB 2011b) and from Version #TWDB201004 for the Guadalupe
Estuary(TWDB 2010) While these datasets extend as far back as 1941, with the exception of
East Matagord8ay which extends only to 1977, inflow values were applied only as needed
depending on the time period of the model run. For model calibration, inflows from 29@3
were applied, and fdhe two validation periods, inflows from 1989997 and from 205 - 2009
wereapplied

Inflow dataset usemeasurements from U.S. Geological Survey (USGS) stream gages along with
rainfall-runoff estimates from the Texas RainfBllinoff (TXRR) model, adjusted for known
diversion and return flows obtained from fhexas Commission on Environmental Quality
(TCEQ),the South Texas Water Master, and the TWDB Irrigation Water Use estitimates

develop daily inflows for the estuariégable 2 lists the USGS stream gages used to develop the
gaged inflomcomponent of inflavs. For all hydrology datasetspproved USGS streagage

data was available through November 2608was provisional for December 20Q0Bigures 7

and 8show the watershed boundaries, including the ungaged watersheds mnstdejdxRR.
Ungaged flows wre estimated using precipitation data friti@ National Weather Service

(NWS), whichwere complete througRovember 200®ut were provisional for December 2009
Diversion data was obtained from TCHE®Q) its predecessor agency, the Texas Natural Resource
Conservation Commissiofr the periodrom 19412009 Similarly, industrial and municipal

return flow data was obtained fraime Texas Department of Water Resourcesrsgibrting

system from 1941976(except forthe East Matagorda Bay systermd fran TCEQ(or its
predecessor agencypm 19772009 Additional diversion data was obtained from the South
Texas Water MastehroughDecembef009, and additional return flowatia was obtained from
TWDB&6s agricultural r Becambe®00f. | ow esti mates t hr

Daily inflows from the surrounding river basins and coastal watersheds were applied to the
model atthe 15 inflow points specified in Figure &ccording tdhe distribution described in

Table 3 Five inflow points received gagexhd ungagethflows, including the Colorado River,
Tres Palacios Creek, Lavaca River, Garcitas Creek, and the Guadalupe River inflowents.
remaining 10 inflow points received only ungaged inflows from local, surrounding watersheds.
In some cases, ungaged flows frargiven watershed were split between two inflow points.



Table 2. USGS streamflow gages used to develop freshwater inflow estimates for theCaloeado
andGuadalupe Euaries.

Estuary Gage Station Gage Location Period of Record
Number
08162500 Colorado River near Bay City | 1948Present
Tres Palacios River near 1970Present
08162600 Midfield
08163500 Lavaca River above Hallettsvill{ 19391992
08164000 Lavaca River near Edna 1938Present
Navidad River above 1961-Present
08164300 Hallettsville
08164500 Navidad River above Ganado | 19391980
Lavaca West Mustang Creek near 19771980
Colorado 08164503 Ganado
08164525* Lake Texana near Edna 1980GPresent
08164600 Garcitas Creek near Inez 1970Present
1970Present
08164800 Placedo Creek near lekedo
19411952 & 1978
08177500 Coleto Creek near Victoria Present
08177000 Coleto Creek near Shroeder 19531978
Guadalupe 08176500 Guadalupe River at Victoria 1941Present
08188500 San Antonio River at Goliad 1941-Present

*USGS gag #8164525 provides lake level; howevéNVDB uses release data from Lake Texana provided by the

LavacaNavidad River Authority to estimate inflows.
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Table 3. Distribution of freshwater inflows from surrounding river basins and cesg&akheds to the
15 inflow points of the Lavae&olorado Estuary and East Matagorda Bay TXBLEND mobdlows to
San Antonio Bay also were included to improve model boundary conditions.

Receiving Inflow Point Source of Inflows
Bay
USGS Gages UngagedWatersheds
13104 (50%), 13105, 13106, 13107, and
East Caney Creek| n/a 131 o
Matagorda . 3108 (50%)
Ba Lake Austin | n/a 13101, 13104 (50%)
y Boggy Creek| n/a 13102, 13103
Colorado | 48162500 14010
Eastern Arm | River
Matagorda
Bay Oyster .
Bayou* n/a 15010
: Tres Palacios
Tres Rilacios Creek 08162600 15030
Bay Turtle Creek | n/a 15040
Carancahua | Carancahua o
Bay Creek n/a 15050 (84%)
Keller Creek | n/a 15050 (16%)
Cox Creek | n/a 15060
Lavaca River| 20-6400008164503, | 14408 16010, 16012, 16014
08164500
Lavaca Bay Garcitas
Creek 08164600 08164800 17010,17030,17050
Chocolate n/a 17060
Bayou
Matagorda Powderhorn n/a 17070
Bay Creek
San Antonio Guadalupe | 0817750008177000, 18012,18014,18020,19011,19012,24602
Ba River 0817650008188500 24604,24605,24607,24608
y Hynes Creek| n/a 24601,24603,24606

*Ungaged watershed #15010 was not included in thel BN simulationfor East Matagorda
Bay and the Lavac&olorado Estuary.
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Figure 7 Ungaged watershetklinedion used in TXRRo determine ugagednflows tothe Lavaca
Colorado Estuary

12



Figure 8 Ungaged watershed delineation used in TXRR to determine unigedigeds
to the EasiMatagorda Bay system.

Tides

Tidal elevations alPleasure Pier in Galveston Bagre obtained from the Texas Coastal Ocean
Obsenation Network (http://lighthouse.tamucc.edu/TCOON/HomePage) and applied at the Gulf
open boundary.

Meteorology

Time-varying and spatially uniform meteorology is used to drive the model. The dataset includes
wind field, air temperature, precipitation,ca@vaporation. A large portion of the meteorology
data (wind speed and direction and air temperature) used to drivetiet was obtained from
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the Lower Colorado River Authoritf CRA). Wind data was obtained fé¥alaciodor the
periodof January 198through April 2003.Additional wind data was obtained from the
National Climatic Data Center (NCDC) for the Victoria station to extend the dataset to
December 2009Evaporation data fdPalaciosvas calculated based on the Harbeck Equation
(Brandes and ldsch 1972) usmntemperature data from the LCRproviding data for the period
from 1987 through 2003Precipitation data used for model calibration and validation
simulations origially were obtained from the National Weather Service (Nffs])

subsequelht were processed to provide an estimate of precipitation acrokavheaColorado
watershed. TWDB archived records of this data providdally precipitationmeasurement®r

the periodrom January 1940 through December 2009

Salinity

Salinity initial conditions were determined by setting the river inflow points at 0 ppt salinity and
by using ime-varying salinity boundary conditiorabtained from the Texas Parks & Wildlife
Department (TPWD) Coastal Fisheries datatbaspecify salinityat the Gulfooundary off
Matagorda BayModel runs allowed for a several year raogpperiod, prior to running
simulations for model calibration or validation, to allow the modélistribute salinity
appropriately Seweraladditionalsources of salinity data weawailable for model calibration

and validationthese sources are descdle corresponding sections below.

Model Calibration

The TXBLEND model was calibrated for both hydrodynamic and salinity transport performance
by using water velocity and surfaekevation data from intensive field studies to calibrate the
hydrodynamis and longterm timeseries salinity datto calibrak salinity transport. Model

calibration efforts focused on improving model performance by adjusting parameters such as the
dispesi on coef ficirent and Manni ngos

Velocity and Discharge

For calibation of this TXBLEND model, fountensive inflow data sets were availab\éelocity
measurements were collected at eiglgssih Matagorda and Lavaca Balging an intensive
inflow study from June 1% 17, 1988 and &k2 sites from June 30July 3, 1993.At most
locations, velocity measurements were collected at three depth&, 8/10", and 8/18 from

the bottom substrateDischarge measurememt®re collectedht four sitedrom September 21
22, 2000 and at l€ites from March 246, 2003. Dischargealsowas measureith 1993at one
additional sitethe Matagorda Entrance Chann8lome of these locatiomse shown in Figures 9
and 10
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Figure 9 Velocity and disch@e measurement sites duringtensiveinflow studiesof the
LavacaColoradoEstuaryduringthe years 1998, 1993, 2000, and 2003.
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Figure 10 Velocity and discharge measurement sites in the Colorado River and GIWW intersection area
during intensive inflow studisduringthe years 1998, 1993, 2000, and 2003.

Salinity

Long-term salinity reords collected by the TWDB,PWD, and LCRAat hourly or more

frequent intervals provide important data for calibrating and validating salinity and circulation
models in Texasoastal watersWithin-bay salinity data fronsevenLCRA long-term

monitoring sitesvas used for model aafration and validationncluding West BayChannel
Marker4 (19972003),West Bay neaSandy Poin{19982003, Caranahua Bay(19982003
and20052009, PalacioChannel Marker 441998-2002), West Bay Tripod (1992002and
20052009, East Bay Tripod (1992003and20052009, and East Bay Shellfish Marker (1999
2001and20052009. Dataf r om TWDBO6s Dat dhelavach€auBewaydl®a m a't
20M) also was used (Figure 11Additional informatiorfor the Lavaca Causeway sitan be
obtained from th& WDB Datasonde Program web site
(http://midgewater.twdb.state.tx.us/bays_estuaries/sondpage.html).
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calibration and validation.

Model Calibration Parameters

Model parameters adjusted during the calibration of the TXBLEND model included BigG, the

di spersi on coef fni BgGemahorphysicakdpardieeterwhich gnslges mass
conservation and was set@@®3. Another important parameter for hydrodynamic calibration is
Manning'sn which represents bottom roughness, where larger valueslof water movement

and smaller valuesicrease water movemenialues used in the calised model are shown in
Figures12 and 13 Similarly, the dispersion coefficient, which represents physical mixing
processes, is the key parameter for salinity calibration. The larger the disperéiicieatehe

more effectvely dissolved salt disperseBigure 14shows values for dispersion coefficients

used in the modellLarger values were assigned to the Gulf and major ship channels, and smaller
valueswere assigned to shallow bays.
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Figure 12V al ues o f nusédin the calipratdoavacaColoradoTxBLEND model

Figure 13 Val ues nwoadeditbercaibrateg ®x8LEND model for the Colorado
River and GIWW.Larger values oMa n n i nwvgré appliedn the GIWWon eitherside of
the Colorado Riveto reduce the exchange between the river and GIWW whbeks exist.
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Figure 14 Values of the dispersion factor’(ec) used in the calibrated TXBLEND model foe t
LavacaColorado Btuary. The Gulf regioandthe Matagorda Ship @mnelwereset to 20000 ff/sec,
and the Gulf Intragastal WaterwayGIWW) was set ab,000ft%/sec.

Calibration Results

Calibration results for velocity, discharge, surfatevation, and salinitfor the Lavaca
Colorado TxBLEND modehrepresented bele.

Velocity & Discharge Results

TXBLEND was calibrated for water velocity and discleauging data obtained from four

intensive inflow stidiesin Matagorda Bayspecifically: Junel988, June/July 1993, September

2000, and March 2003Calibration reslts are presented in a series of plots showing simulated
velocities and discharges as compared to observed field measurements for a number of locations
throughout the systentigures 15 and16 show calibation results for dischargs eight

locationsduring the intensie inflow study from June 147,1988. Simulated dischargeaptures

the discharge magnitude and flow reveegathost stationshroughout the domaivery well.

Flow measurements during this period show that outflux through Matagorda CEartwaice

was simulated welWwhereasthemodel undespredicted the outgoing flow magnituteough

Pass CavalloMoreover the model ovepredictedthe flow at the Lavaca Causeway

19



Figures17-20 show calibration results faelocity at13locations dung the intensive inflow

study fran Jure 3GJuly 3, 1993. Simulated velocities are representative of observed velocities
at 11locations, but are less representaav€ulver Cut. The dampening afipstream currents
within thebay wascaptured wellandthe increased currents in the narrow chanalsiswere
simulated accurately the model.In some cases, such as at the Indian Point site, the model
deviates in magnitudigom the observed velocitiebutstill represergthe overall fluctuating
trends.Vertical velocity profileaneasuredt the Colorado River stationgar Matagorda and

near the diversion chann@igure 19 show stratified flow with downstream floaccurringnear

the surface and ndirectionalflow near thebotton); however, sachflow patterns camot be
represented using depth averaged model.

Figure 20shows calibration results for dischargehst Matagorda Entrance Chehin 1993
The model captured both the magnitude and phase of ingoing and outgoing fluxes very well
during this peod. Figure 21shows resultfor dischargeatfour locations during an intensive
inflow study from Sptember 2122, 2000. Figures 225 show results for discharge aé
locations in the Lavae&olorado Estuargduring an intasive inflow study from Marc4-26,
2003 The model did very well in simulating discharge across all channels throughout the
modeled region An interesting comparisois observed in the discharge measuremeri&aas
Cavallo in 1988 (Figure )%ersusin 2003 (Figure 22 Flowthrough the pasdeclined
significantly from 1988 to 20Q3vhich may be indicative of the siltation that has occurred in
Pass CavalloModelsimulationsrepresentethis reducedlow throughPassCavallo very well
Although few measurements are availabledmpare to simated discharge to observed
dischargeat two sitesthe GIWW near Oyster Creek and GIWW &bt of Locks overall the
model represents discharges in the system.
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Diversion GIWW east of Bypass ChannandBypass Channel for September22,

2000 in the Lavac&oloradoEstuary.
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Figure 22 Simulated (red line) and obsed/(open symbols) dischardes thefollowing
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Colorado River north of GIWW
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sites from top to dttom: Colorado River North of GIWWColorado River South of
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LavacaColorado Estuary.



GIWW west of Bypass

8: E.-P:Ln A D
s g 7 A
N AN N [
. W N S /

2 S S N Y S A
P — -
5 L/ \_

; Bypass Channel

: B —
S e I 4 & A
N . B e p Y
N W A
S S A W d °5,

R \—/ N; ]

: L o

Figure 25 Simulated (red line) and observ@pen symbols) discharges for GIWW West of

24

25
March 2003

26

Bypass an®BypassChannel for March 226, 2003 in the Lavae@olorado Estuary

Water Surface Elevation Results

Figures 2633 show generally good agreement between model simulations for water surface
(tidal) elewations and observed datafour locationgor different time periodsvith an F of 0.79

T 0.93based on hourly tidal elevation compariséiigures 26 and 2 howmeasured and
Ra w! oradg River mBuwhi far 19940@l p

S i

mul at ed

tide

at

Figures 28 and 29showtidal conpario n
and 31show tidal comparisorat the Lavaca Causeay ste from 19932001. Figure 33hows

tidal comparisonatthe Palaiossite from 19931995 and Figure 33hows the samat East

Matagada Bayfrom 1993 1996.

pl ot s
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near

P 108522000 d-iGuves 300 r

Figure 34displaystides at four sitefor a 34day period in 1996 to better compare the timing of
simulated and observed tidal elevatiorfsor ease of comparison, graphical presentation of
observed tides was shifted by ft1from the agiginal measurement. The offset of tidal elevation
difference was added &dlow for easier comparison, to visually inspect the phase and amplitude.

The model simul&ddiurnal variations in water level as wadurationexcellently The

dissipation othe tidal amplitudextending awayrom the entrance channel was simulated well.
Moreover the magnitude of the storm surge duriirgpical StormJosephingthat peaked on
September 07, 199@/as captured very well excegttthe East Matagrda Bay stationvhere the

model undeipredicted thesurgé s

peak.
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Figure 26 Timeseries plots for observed (green) and simulated (red) hourly tidatdata
graphical presentation of sérved tides was shifted by +1 ft. from the original measurement.
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Figure 29 Timeseries plots for observed (green) and simulated (red) hourly tide data at
f o0 12001. Natee For egse af cosgpisorf, grapimcall 9 9 9
presentation of observed tides was shifted by +1 ft. from the original measurement.
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Figure 30 Time-series plots for observed (green) and simulated (red) hourly tide data at
Lavaca Causeway for four years, from 19%9®6. Note Forease of comparison, graphical
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Figure 31 Timeseries plots for observed (green) and simulated (red) hourly tide data at
Lavaca Causeway for four years, from 12901. Note For ease of comparison, graphical
presentation of observed tides was shifted by +1 ft. from the original measurement.
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Figure 32 Time-series plots for observed (green) and simulated (red) hourly tide data at
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East Matagorda Bay
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Figure 33 Timeseries plots for observed (green) and simulated (red) hourly tide data at East

Matagorda Bay for four yes, from 19931996. Note For ease of comparison, graphical
presentation of observed tides was shifted by +1 ft. from the original measurement.
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Figure 34 Timeseries plots for observed (green) and simulated (red) hourly tide data at
four tide gagesdr Days 266-300, 1996.Note For ease of comparison, graphical
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Scatter plos of the above resudtpresenanother opportunity to compare observad aimulated
tidal elewations(Figure 35. In addition, Table 4hows summary statistics foolrly tides in
each of theyears, showing eaclegr separatg] whereasTable 5shows summary statistics for
the daily tdal elevations across aikars

. Rawling . Port O' Connor
L -

oF - oL
i< 1; 8 1f
[=E [
3 | 3
= - ©
< ok 3 of
E r E
(7] )

Ak af

L 1 ~ T | 1 1 1
25 23 T 0 1 3
Observed Tide (ft)
Palacios
3 3
o
AN
3 g 1h
= -
3 3
K &
> S o
£ E
(7] 2]
gk
iy b L 1 1 ! 1 1
23 3 27 1 3

0 1 0 1
Observed Tide (ft) Observed Tide (ft)

East Matagorda Bay

Simulated Tide (ft)

0 1
Observed Tide (ft)

Figure 35 Scatter plotsfmbserved versus sirtated daily tidal elevations at
t he Rawling, Port O6Connor , Lavaca Causeway,
bay locations in the LavadgaoloradoEstuaryfor differing time periods
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Table 4 Statistics for hourly tidal elevations oviie study periodshat span
from 1993 to 2001.

Location Year Days n r? RMS(ft)
Rawling 1994 358.0 8593 0.89 0.28
Rawling 1995 364.9 8757 0.87 0.33
Rawling 1996 363.3 8720 0.88 0.31
Rawling 1997 356.9 8566 0.86 0.30
Rawling 1998 363.9 8734 0.89 0.32
Rawling 1999 355.2 8525 0.87 0.31
Port O'Connor 1996 357.7 8585 0.93 0.18
Port O'Connor 1997 181.3 4352 0.86 0.18
Port O'Connor 1998 90.0 2159 0.92 0.19
Port O'Connor 1999 362.6 8702 0.86 0.19
Port O'Connor 2000 358.2 8598 0.90 0.17
Port O'Connor 2001 361.2 8669 0.91 0.17
Lavaca Causeway 1993 352.4 8457 0.87 0.24
Lavaca Causeway 1994 359.6 8630 0.87 0.23
Lavaca Causeway 1995 361.2 8668 0.90 0.24
Lavaca Causeway 1996 341.5 8196 0.91 0.23
Lavaca Causeway 1997 339.0 8137 0.89 0.22
Lavaca Causeway 1998 361.6 8679 0.87 0.28
Lavaca Causeway 1999 363.5 8723 0.79 0.28
Lavaca Causeway 2000 365.4 8769 0.84 0.24
Lavaca Causeway 2001 361.1 8667 0.88 0.22
Palacios 1993 360.8 8659 0.87 0.23
Palacios 1994 353.2 8478 0.90 0.20
East Matagorda Bay 1993 265.5 6371 0.84 0.19
East Matagorda Bay 1994 364.2 8741 0.86 0.17
East Matagorda Bay 1995 353.3 8479 0.86 0.22
East Matagorda Bay 1996 299.9 7197 0.92 0.18

*RMS is root mean square error.

Table 5 Statistics for daily tidal elevations over thidy perods that span from
1993 to 2001.

Location Period Days r? RMS(ft) NSEC
Rawling 19942001 1,455 0.92 0.17 0.90
Port O'Connor 19962001 1,733 0.95 0.12 0.94
Lavaca Causeway 19932001 3,238 0.91 0.18 0.90
Palacios 19931994 722 0.92 0.14 0.92
East Matagada Bay 19931996 1,307 0.91 0.16 0.90

*RMS is the root mean square error.
** Nash-Sutcliffe Efficiency Criterion ) describes model performance, where E=1.0 represents
a match between model output and observed data and E<0 suggests the modelpsealigtan.



Salinity Results

TXBLEND was calibrated for salinity at eight locatidios the periodl997i1 2003(see Figure
11for map of locations) Figures 36 to 58how that the model captarenajor salinity trends in
the system reasonably welFor most sites, the difference between mean observed and mean
simulated salinities ®svery small (< 2 ppt), and overall thtandroot mean square error for
mean salinityvere in the rangef 0.637 0.86 and 2.8 5.9 ppt, respectivelyTable §. At
ChanneMarker 4, long term salinity trends were well represebtetthe modelFigure 36and

r* = 0.86), including a period dfigh salinitiesn 2000followed by a rapidirop near the end of
thesameyear. In subsequent yeathemo d el 6 s r e s u édsadinityfpatterb,both o b s er v
during extended periodghen salinity was high anduring flushing events when salinity
dropped. Moreover, the recovery of the system after flooding eweatsmodeled very well
(Figure 36. During some periods, the model wamble to capturthe completeextent of the
flushingin that simulated salinities did notatch the lowest measured salinitiegenthough tke
flushingtrendand recovery timingvere captured wi(e.g, March 2007 and July 2002).

Salinity data ta stdion near Sandy Pointascompared to model resufisr the calibration
period (Figure 38 The seasonal variability in salinity was followed by the model throughout
most of thesevenyear period A noteworthy strength of the modelks seen from this sitis the
ability to accurately simulatérastic drops in salinitguring most such event®espite the long
term patterns being simulated very weike lower f (0.67),wasrelated toafew days when the
difference between the observed and simulatedigalvas very larged.g, December 200and
April 2002).

Comparison osimulatedand observed salinities at the Lavaca Causeway station (Bigure

shows that the model simulates salinity reasonably well)(73 for the calibration period).

Intra-anrual variability in the flushing extent at thitation was captured by the mgdélough

the modeltended taunderpredictrising andhigh salinity events. This may be attributed to

eithert he stationdés | ocat i ofthemogle gd otahaeresuwloptiset r e am b o
manner ofnflow specification €.g, due to daily averagingyhich may have pronounced effect

on this regiorof the model

As in all other stations, the seasonal variability in salinity throughout the calibration period was
captued very well in the Carancahuagmonitoring station (Figure 22The yeasto-year
variability can be seem the moded prediction and annual peak salinities were captumore
accurately during monecent yearsAt the Palacios station, peak sdii@s during extended dry
periods €.g.,around December 1999March 2000) and seasonal fluctuatiovere represented
well (Figure 44. Atthe West Bay Tripod station (Figure #6even thougltong-term trends
were captured well, the model was unable faduce the extent shortterm variabilityfor

both higher and lwer salinitiesvhen salinity rapidly oscillated through a120ppt change
Such pronounced shettrm variability seems to bmore common ahis stationand at the
Lavaca Causeway stati. Salinity data from two stations in East Matagorda Bispwere
compared to model results at those locati®ingures 48 51). The results were reasonable for
the calibration periodwith r*for the East Matagorda Bay Tripod and Shellfish Markeicsta
equal t00.74 and 0.63espetively.

43



Overall, the model adequately simuthfeeak salinitiesthoughthere wa a tendencfor the

model to undepredictsalinity andto not captureapid declines in salinity during earlieears.

For example, irfFigure 38the model dichot capture the sharp declines of observed salinity in

2000 and 2002 at the Sandy Point site. Model departures may occur for many reasons. One such
reason could be datasonde instrunnnheasuremerdrror. Departures also may baused by

localized rainfall events that were not recorded by a rainfall gage and thus not reflected in the
TXRR runoff modelpr as input to the TxBLENDnodel As another example, Figure dBows

that the model does not capture the variability obsenvd®99 and 2000 at the West Bay

Tripod site. In this case, the variability in observed salinities imaagbesndue to a tidal signal

that was not received at the site. Additionally, certain parameters in the, swadels bottom

roughness n(carmmiecgds he model 6s ability to rep

elevations at other locations in the estuary. Another possibility is that the observed variability in
salinity could be causeay a stratified mixture ofresh and salt water oscillag back and forth

over the datasonde, an effect that cannot be modeled by TXBLEND. Sustatatycs,

comparing simulated to observed salinitiethatightlocations, are shown in Table 6

Table 6 Statistics comparing simulated versus observdyg galinitiesateightlocations in he Lavaca
ColoradoEstuaryand in East Matagorda Bayhe quantity of observed dadsailable for comparison
varies among sites

Location Period Days re RMS Nash MeanSalinity Diff
(n) (ppt) Sutcliffe Simulaed Observed  Sal
Marker-4 19972003 1,119 0.86 2.8 0.85 24.0 23.9 0.1
Sandy Point 19982003 1,385 0.67 4.1 0.66 24.2 23.8 0.4
Lavaca Causeway 19972003 1,280 0.73 5.0 0.56 14.9 16.8 -1.9
Carancahua Bay 19982003 1,253 0.84 35 0.83 18.4 19.3 -0.9
Palaci® 19982002 1,281 0.74 4.0 0.67 23.3 21.6 1.7
West Bay Tripod 199720083 1,457 0.73 5.9 0.59 17.7 20.2 -2.5
East Bay Tripod 19982003 1542 0.74 4.3 0.69 235 24.9 -1.4
EastBay Stellfish 19992001 714 0.63 4.0 0.62 27.7 27.0 0.7
Marker

*RMS is the rootmean square error.
** Nash-Sutcliffe Efficiency Criterion ) describes model performance, where E=1.0 represents a match between
model output and observed data and E<0 suggests the model is a poor predictor.
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Simulated and Observed Salinity near Channel Marker 4
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Figure 36 Observed (blue) verssgnulated (red) salinities at the Channel Marker 4 site in
Matagorda Bay for a period fromid-1997 through 2002.
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Figure37. Scatter plot comparing simulated to
observed dally salities at Channel Marker 4
from mid-1997 through 20022 = 0.86.
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Simulated and Observed Salinity near Sandy Point
40 T T T T

observed salinity
simulated salinity ———

35

25

20

Salinity (ppt)

15

—_—
N

10

5

‘ [
, ; . ; s
P
H
; . i Lot
. H . H .
+ + H H
i ; ¥ :
4 B H
- ot ; -8
. . i i .
; H
I . A 1 . . . 1 . . . - . . i

0 i i i i i Il i
1997 1998 1999 2000 2001 2002 2003

Figure 38 Observed (blue) versus simulated (red) salinities at the Sandy Point site in Matagorda Bay
for a period fronmid-1998 through 2002, with additional simulated salinities from 1997 to mid 1998.
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Figure39. Scatter plot comparing simulated
to obseved daily sahities atSandy Point
from mid-1998through 2002r* = 0.67.

46



Simulated and Observed Salinity at Lavaca Causeway
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Figure 40 Observed (blue) versus simulated (red) salinities at the Lavaca Causeway site in
Matagorda Bay for a period from 1997 through 2003.
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Figure4l Scatter plot amparing simulated to
observed daily salinities atahavaca Causeway
from 1997 through 2003? £ 0.73.



Simulated and Observed Salinity at Carancahua Bay
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Figure 42 Observed (blue) versus simulated (red) salinities at the Carancahua Bay site in Matagorda
Bay for a @riod from mid1998 through 2002
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Figure43. Scatter plot comparing simulated to
observed daily salities at Carancahua Bay
from mid-1998 through 2003° = 0.84.
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Simulated and Observed Salinity near Palacios
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Figure 44 Observed (blue) versus simulated (red) salinities at the Palacios site in MatagordaaBay for
period frommid-1998 t02002
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Figure45. Scatter plotomparing simulated to
observed daily salinities at the Palacsis
from mid 1998 to 2003° = 0.74.
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Simulated and Observed Salinity at West Bay Tripod
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Figure 46 Observed (blue) versus simulated (red) salinities at the West Bay Tripod site in Matagord
Bay for a period fronmid-1997 through 20Q2
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Figure47. Scatter plocomparing simulated to
observed daily dmities at the West Bay
Tripod site frommid-1997 to 2003r* = 0.73.
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Simulated and Observed Salinity at East Matagorda Bay Tripod
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Figure 48 Observed (blue) versus simulated (red) salinitieseaEtst Matagorda Bay Tripod site in
Matagorda Bay for a period fromid-1998 through 2003, with additional simulated salinities from 1997
to mid-1988 andn 2003.
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Figure49: Scatter plotomparing simulated
to observed daily $iaities at the East Matprda
Bay Tripod site fronmid-1998 to 2003r* = 0.74.
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Simulated and Observed Salinity at East Matagorda Bay Shellfish Marker
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Figure 50 Observed (blue) versus simulated (red) salinities at the East Matagorda Bay Shellfish
Marker site in Matagorda Bay for a period from a@99 through mi€2001, with additional simulated
salinities from 1997 to mid989 and mie2001 to 2003.

East Matagord Shellfish Marker

35| -,--'.‘m'",%l
I A ey

L Ll T ‘.
30 wd af..

i.'b o

25 ! '&--’-‘,‘ FF
- S~ 1yoA i
20 . ’ .
L \ , ._.-' . °
e L

Simulated Daily Salinity (ppt)

0:\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\
0 5 10 15 20 25 30 35 40

Observed Daily Salinity (ppt)

Figure51. Scatter plotomparing simulated to
observed daily dmities at the East Matagorda
Bay Shellfish Marker site from mi@l999 to
2001, r* = 0.63.
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Model Validation

To verify the validityof the calibra¢d Matagorda Bagnd East Matagorda BaxBLEND

model for salinity, additional model runs wex@nducted to simulate salinities fovo different

time perials, from 1989 1997 and from 20052009. Model outputshenwere compared to
TWDB/LCRA datasonde data for those sites with salinity data available after 1989 or were
comparedtopoinme asur ement data obtained from TPWDOSs
Texas Commission on Environmental Quality (TCEQ) Surface Water Quality Monitoring
database, or the TexBepartment of State Health Services (TDSHS) Shell Fish Safety Program
for sites generally locataukarto the established monitoring stations presented eaHimrthese
datasets, data from point measurements collected withindimétyiof the datasonde site were
aggregated to represent the local conditions. Their corresponding grid cell or latitude and
longitude information is provided within the figures below. Because the TDSHS reports data to
the TCEQ, the two databases shaany data points. However for some locations, TCEQ
contains more data than TDSHS and weesa. Therefore, either TCEQ or TDSHS data was
selected to represent a site. Sites were chosen based on their closeness to the TWDB/LCRA
datasondes, as well assied on the number of data points available for the site. At the
Carancahua Bay, Palacios, and Sandy Point sites, point measurement data was the only data
available for use in this validation exercise

Results of Model Validation from 19891997

The first validationperiodfrom 1989- 1997comparedsimulatedTxBLEND salinitiesto
observed salinities obtained from fhie/DB Datasondérogram for one siteheLavaca
CausewayKigures 52 and 53and from thd.CRA for five additionalmonitoring sites
Carancahua Bay (Figures 54 and)bBalacos Channel Marker 44 (Figures 56 and, %Vest
Bay near Sandy Point (Figures 58 angl, $9est Bay Channéflarker 4 (Figures 60 and lnd
West Bay TripodKigures 62 and §3 TXBLEND model validation results also reecompared
to pointmeasurement data for sites located near the established monitoring ststtomtes
simulations wereepresentativef observed salinitieat mostlocations. At sites thatad
datasonde datavailable for comparison, sligimodel depguresfrom observed salinitiesere
presenin some instance®ut overall longterm trends were represented wéllgures 52
through 63how comparisonsf simulated and observed salinities, both as time series plots for
the period 1989997 and as sdat plotsfor the period 19822003for the six sites in the
LavacaColoradoEstuary Table 7lists summary statistics for these salinity comparisons.
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Figure 52 Simulated (red) and observed (greemrx) salinities at the Lavaca Causeway toe t

validationperiod 19891 9 9 7 . TWDB6s Lavaca Causeway datasonde
96.5956 W. Dt collected at the TDSHS)YtAV00006 site was located at 28.645-86.60/5 W. Data

collected by TPWD (kwas from grid cell 220136 locded at 28.6428 N-96.6061 W.

Figure53. Scatter plot of simulated and observed daily
salinity at the Lavaca Causeway site in Matagorda Bay for
the validation period 19891997 (TPWDopenred,
TDSHSsolid blue) with additional verification through the
calibration periodl998i 2003 (TPWDopen blue;
TDSHSgreen). Observed data are identified according to
data source.
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