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CHAPTER 1 

INTRODUCTION  

 

 The Texas Commission on Environmental Quality (TCEQ) Water Availability Modeling 

(WAM) System consists of simulation input datasets for the generalized Water Rights Analysis 

Package (WRAP) modeling system for all river basins of Texas and related information. The 

TCEQ WAM System WRAP input dataset for a particular river basin is called a water availability 

model (WAM). The term "Lavaca WAM" refers to the WRAP simulation input dataset for the 

Lavaca River Basin in the TCEQ WAM System and variations thereof. 

 

The WAM System was originally implemented by the TNRCC/TCEQ and its partner 

agencies and contractors during 1997-2003 pursuant to water management legislation enacted by 

the Texas Legislature in 1997 as Senate Bill 1 (SB1). The Texas Natural Resource Conservation 

Commission (TNRCC) was renamed the TCEQ effective September 2002. Capabilities provided 

by the WRAP/WAM system have been expanded over the years since its initial implementation. 

The WRAP/WAM modeling system is based on a monthly computational time step. Development 

of auxiliary daily modeling features was motivated by the need to improve capabilities for 

incorporating into the modeling system the environmental flow standards (EFS) established 

pursuant to the 2007 Senate Bill 3 (SB3). 

 

WRAP software, manuals, other related publications, training courses, and a link to the 

TCEQ WAM website are available at the WRAP website (https://wrap.engr.tamu.edu/). The latest 

versions of the various components of the WRAP modeling system are documented by a set of 

manuals [1, 2, 3, 4, 5, 6]. [Numbers in brackets refer to the list of references at the end of this 

report.] New daily modeling capabilities were incorporated in the May 2019 version of WRAP 

and further improved in January 2021 and July 2022 modifications to the WRAP daily simulation 

model SIMD [7]. 

 

Lavaca Daily and Modified Monthly WAM s 

 

Environmental flow standards (EFS) have been adopted by the TCEQ through the process 

created by the 2007 Senate Bill 3 (SB3). A strategy for modeling the SB3 EFS is explored, adopted, 

and demonstrated with the Brazos, Trinity, Neches, and Colorado WAMs documented in May 

2019, December 2019, June 2020, and March 2022 reports [8, 9, 10, 11]. This methodology 

consists of: (1) converting monthly WAMs to daily, (2) computing daily targets for environmental 

flow standards using the daily simulation model SIMD, and (3) incorporating monthly summations 

of the daily instream flow targets into the input datasets read by the monthly simulation model 

SIM. This general strategy is employed to develop the daily and modified monthly Lavaca WAMs 

documented by this report. Daily SB3 EFS targets computed in daily full authorization and current 

use scenario Lavaca WAM simulations are summed to monthly EFS targets and incorporated in 

the monthly WAM simulation input datasets. 

 

SB3 EFS for the Colorado and Lavaca Rivers and Matagorda and Lavaca Bays adopted by 

the TCEQ in August 2012 are documented as Subchapter D of Chapter 298 of the Texas 

Administrative Code [12]. The SB3 EFS for the five sites on the Lavaca River and its tributaries 

were incorporated in the daily SIMD input dataset for the Lavaca WAM employing capabilities 

provided by sets of instream flow IF, environmental standard ES, hydrologic condition HC, pulse 

https://wrap.engr.tamu.edu/
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flow PF, and PO pulse options records. Daily flow targets computed by SIMD for each day of a 

1940-2021 simulation were summed to 1940-2021 monthly targets for incorporation as target 

series TS records incorporated in the monthly SIM input dataset. 

 

The primary component of the conversion of the monthly Lavaca WAM to daily is the 

disaggregation of monthly naturalized flows to daily within the SIMD simulation based on input 

DF record daily flow pattern hydrographs discussed in Chapters 3 and 4. A JT record is added to 

the DAT file to activate daily computations. Negative incremental flow option 7 activated on the 

JO record is designed specifically for daily simulations. The SB3 EFS are incorporated in the daily 

WAM  using sets of IF, ES, HC, and PF records as described in Chapters 5 and 6. Target series TS 

records are used to incorporate the SB3 EFS in the monthly WAM. SIM and SIMD time series 

input data (IN, EV, DF, and TS records) are compiled in a single SIM/SIMD input DSS file. 

 

Modeling options adopted for the Brazos, Trinity, Neches, and Colorado WAMs for 

dealing with various complexities and issues guide creation and application of the daily Lavaca 

WAM. This strategy is also being applied to develop daily and modified monthly Nueces WAMs. 

 

Forecasting is relevant only if routing is activated. Routing parameters are needed only if 

routing is activated. Lag and attenuation routing parameters were included in the daily WAM 

datasets for the Brazos, Trinity, Neches, and Colorado WAMs. Comparative simulations were 

performed with these previous daily WAMs with and without routing and forecasting [8, 9, 10, 

11]. Routing and forecasting were determined to adversely affect accuracy in some cases and to 

generally not result in improvements in simulation results. The routing parameters were included 

in the datasets to allow comparative analyses but were generally not employed in final adopted 

simulations. The Lavaca River Basin is much smaller than these other basins making routing and 

forecasting much less relevant. Routing and forecasting options are not activated in the Lavaca 

WAM, and routing parameters are considered unnecessary. 

 

Daily WAMs can also be employed directly for various other studies in which EFS and/or 

reservoir operations for flood control are important without summing daily SB3 EFS targets for 

input to monthly WAMs. Various issues of integrated multiple-objective water management can 

be investigated applying daily WAMs. Capabilities for satisfying the instream flow requirements 

reflected in SB3 EFS can be assessed directly using a daily WAM. Effects of EFS on 

unappropriated flows available for municipal, industrial, and agricultural water use can be 

quantified either directly from daily SIMD simulations or using a monthly WAM with monthly 

EFS targets computed in a daily SIMD simulation. 
 

Creation of the daily simulation SIMD input datasets for the full authorization and current 

use scenarios began with the monthly SIM datasets from the TCEQ WAM System. The original 

monthly full authorization and current use scenario versions of the Lavaca WAM have a 

hydrologic period-of-analysis of 1940-1996 which was extended through 2021 in the new 

expanded version. Daily flow pattern (DF record) hydrographs for nine control points are added 

to the simulation input datasets. Hydrology data include monthly naturalized flows (IN records) 

and reservoir net evaporation-precipitation depths (EV records) for the same seven control points. 

A set of 1940-2021 sequences of DF record daily flows at nine control points were developed 

based on combining observed daily flows downloaded from the U.S. Geological Survey (USGS) 

National Water Information System (NWIS) website with WAM naturalized monthly flows. 
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Lavaca River Basin 

 

The 2,320 square mile Lavaca River Basin encompasses the smallest area of any of the 15 

major river basins of Texas. Its location and size relative to the other major river basins and coastal 

basins in Texas are shown in Figure 1.1. A basin map of the Lavaca River Basin is provided as 

Figure 1.2. From its headwaters in Gonzales County, the Lavaca River flows to Lavaca Bay, which 

is a secondary bay of the Matagorda Bay system. Streams within the basin include the Lavaca and 

Navidad Rivers, Sandy Creek, and East and West Mustang Creeks. Most of the reservoir storage 

capacity in the basin is provided by Lake Texana on the Navidad River. The Navidad River, Sandy 

Creek, and East and West Mustang Creeks flow into Lake Texana. The Navidad and Lavaca Rivers 

confluence downstream of Texana Dam before flowing into Lavaca Bay. 

 

 
Figure 1.1 Fifteen Major River Basins and Eight Coastal Basins in Texas 

 

Almost all of the reservoir storage capacity in the Lavaca River Basin is contained in Lake 

Texana owned and operated by the Lavaca-Navidad River Authority (LNRA). Water is transported 

from Lake Texana by a 101-mile-long pipeline to supply the City of Corpus Christi in the Nueces-

Rio Grande Coastal Basin. The LNRA also supplies other water customers in the lower basin and 

adjoining coastal area. Most water use within the Lavaca River Basin is supplied from 

groundwater. The observed historical storage plot of Figure 1.3 is from a Texas Water 
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Development Board (TWDB) website. The top of conservation and top of inactive storage are 

shown by dashed lines. The reservoir storage capacity was 159,845 acre-feet based on a 2010 

TWDB hydrographic survey but has changed with sedimentation. Deliberate impoundment of 

water in Lake Texana began in May 1980. 
 

 
Figure 1.2 Lavaca River Basin 

 

 
Figure 1.3 Historical Storage in Lake Texana 

(https://www.waterdatafortexas.org/reservoirs/individual/texana) 

https://www.waterdatafortexas.org/reservoirs/individual/texana
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Scope and Organization of this Report 

 

 This report documents the development of full authorization and current use scenario 

versions of the Lavaca WAM that employ a daily computational time step. The report also 

documents a specific application of the daily model in which the monthly full authorization and 

current use WAMs are modified by adopting monthly SB3 EFS instream flow targets stored in the 

monthly SIM input datasets that were computed by summing daily targets generated in daily SIMD 

simulations. Data storage system (DSS) files are employed for storing time series input data and 

simulation results. A single DSS file created in conjunction with this work contains all SIM and 

SIMD time series input datasets (IN, EV, DF, and TS records) for both daily and monthly 

simulations with both full authorization and current use scenario DAT files. 

 

Relevant WAM datasets are listed and briefly described in the next section of the present 

Chapter 1. The alternative versions of the Lavaca WAM are described in Chapter 2. River system 

hydrology as modeled in the monthly SIM and daily SIMD is discussed in Chapter 3, including 

extension of the hydrologic period-of-analysis from 1940-1996 to 1940-2021 and disaggregation 

of monthly naturalized flows to daily. Chapter 4 covers conversion of the monthly WAM to daily. 

 

The preceding version of the monthly WAM and the new daily and revised monthly WAMs 

provide capabilities for simulating environmental flow standards (EFS) that have been established 

by the TCEQ and collaborating science and stakeholder committees through the 1997 Senate Bill 

3 (SB3) process. The TCEQ added draft records in 2014 to the monthly WAM based on WRAP 

capabilities available at that time. Capabilities employing newly created hydrologic condition HC, 

environmental standard ES, and pulse flow PF records have since been added to the WRAP daily 

simulation model SIMD. The initial records added by the TCEQ in 2014 to model SB3 EFS have 

been removed and replaced as described in Chapter 5 of this report. 

 

Simulation results generated with the daily and revised monthly full authorization and 

current use WAMs are presented in Chapter 6. Simulation results from the alternative versions of 

the WAM are compared. Study results and conclusions are summarized in Chapter 7. 

 

Lavaca WAM  Data Files  

 

The initial datasets modified to create the January 2023 daily and monthly WAMs consist 

of the monthly full authorization and current use WAMs last updated by the TCEQ in 2014 and 

2008, respectively, which are discussed in Chapter 2. Daily and monthly versions of the full 

authorization (run 3) and current use (run 8) WAMs developed as described in this report include 

the following DSS and DIS files common to monthly SIM and daily SIMD simulations and separate 

SIM and SIMD main input DAT files. A SIMD daily input DIF file provides flow disaggregation 

specifications. The January 2023 daily and monthly WAMs consist of the following simulation 

input files. 
 

LavacaHYD.DSS  ╖  The hydrology DSS file contains 1940-2021 monthly series of IN record 

naturalized flows, EV record net reservoir surface evaporation less precipitation depths, TS 

record monthly SB3 EFS instream flow targets, and 1940-2021 DF record daily flows. FLO 

and EVA files were converted to a DSS file and DF and TS records were added. 
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Lavaca.DIS  ╖  The flow distribution DIS file contains the flow distribution FD and watershed 

parameter WP records used to distribute monthly naturalized flows from 7 primary control 

points to 178 secondary control points the same with the daily versus monthly and authorized 

versus current use versions of the WAM. The FD and WP records and DIS file are not changed 

in the work reported here. 

Lavaca3D.DIF and Lavaca8D.DIF   ╖  The DIF file contains flow disaggregation specifications on 

a DC record. Optional routing RT records are not included. 

Lavaca3D.DAT  ╖  The daily version of the full authorization scenario (run 3) DAT file with 

filename Lavaca3D.DAT expands the monthly DAT file with filename lav3.DAT. 

Lavaca3M.DAT  ╖  The Lavaca3M version of the monthly full authorization DAT file with monthly 

SB3 EFS targets from a daily simulation replaces the monthly DAT file with filename 

lav3.DAT. 

Lavaca8D.DAT  ╖  The daily version of the current use scenario (run 8) DAT file with filename 

Lavaca8D.DAT expands the monthly DAT file with filename lav8.DAT. 

Lavaca8M.DAT  ╖  The Lavaca8M version of the monthly current use DAT file with monthly SB3 

EFS targets from a daily simulation replaces the monthly DAT file with filename lav8.DAT. 

 

The daily and monthly WAMs created as described in this report are the first versions of 

the Lavaca WAM to employ DSS (data storage system) files. The SIM/SIMD input file with 

filename LavacaHYD.DSS stores hydrology time series (IN, EV, DF records) and target time 

series (TS records) data as described on the preceding page 5. This DSS file can be called either 

the hydrology or the time series input file. The same single SIM/SIMD hydrology or time series 

input file with filename LavacaHYD.DSS is read by both SIM and SIMD for use with either the 

full authorization or current use DAT files. Model users can read this DSS file, like all DSS files, 

with HEC-DSSVue. 

 

SIM and SIMD time series simulation results are also written to a DSS file. The DSS 

pathname parts A, B, C, D, E, and F labeling conventions adopted for the IN, EV, DF, and TS 

records in the DSS input file and the simulation results variables in the DSS out file are defined in 

Chapter 6 of the WRAP Users Manual [2]. 

 

Any data storage system (DSS) files including SIM and SIMD input and output files are 

viewed, analyzed, and modified with HEC-DSSVue. All other WRAP input and output files are in 

normal text format read with Microsoft WordPad, NotePad, Word, Excel or other editors. Program 

TABLES is used to organize and display the information in SIM and SIMD simulation input DAT 

and output OUT files. 

 

This report is also accompanied by two additional DSS files with the following filenames 

that contain datasets developed as described in the chapters indicated in parenthesis. 
 

LavacaAuxiliaryData.DSS (Chapter 3) 

LavacaSimulationResults.DSS (Chapter 6) 
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CHAPTER 2 

WATER AVAILABILITY MODEL  FOR THE LAVACA RIVER BASIN  

 

 The term Lavaca WAM refers to the monthly WRAP simulation model SIM input dataset 

for the Lavaca River Basin from the TCEQ WAM System and modified variations thereof. The 

original Lavaca WAM was completed by the U.S. Bureau of Reclamation for the TNRCC (TCEQ) 

in 2001 [13]. The TCEQ has modified the monthly WAM in the past. Daily and revised monthly 

versions of the WAM datasets were developed as documented by this report. 

 

Previous and Updated Versions of the WAM 

 

Versions of WAM datasets relevant to this chapter are listed as follows. 
 

Full authorization run 3 dataset last modified by TCEQ in June 2008 comprised of the following 

files: lav3.dat, lav3.dis, lav3.eva, and lav3.inf 

Current use run 8 dataset last modified by TCEQ in June 2008 comprised of the following files: 

lav8.dat, lav8.dis, lav8.eva, and lav8.inf 
----------------------------------------------------------------------------------------------------------- 

Full authorization run 3 dataset last modified by TCEQ in September 2014 comprised of the 

following files: lav3.dat, lav3.dis, lav3.eva, lav3.flo, and lav3.his 
----------------------------------------------------------------------------------------------------------- 

Daily full authorization run 3 dataset developed as documented by this report comprised of the 

following files: Lavaca3D.DAT, Lavaca.DIS, Lavaca3D.DIF, and LavacaHYD.DSS. 

Daily current use run 8 dataset developed as documented by this report comprised of the following 

files: Lavaca8D.DAT, Lavaca.DIS, Lavaca3D.DIF, and LavacaHYD.DSS. 

Monthly full authorization run 3 dataset developed as documented by this report comprised of the 

following files: Lavaca3M.DAT, Lavaca.DIS, LavacaHYD.DSS. 

Monthly current use run 8 dataset developed as documented by this report comprised of the 

following files: Lavaca8M.DAT, LavacaDIS, and LavacaHYD.DSS. 
 

The June 2008 lav3 and lav8 datasets do not include SB3 EFS. The September 2014 lav3 

dataset includes draft records in the DAT file modeling SB3 EFS and a hydrologic index series 

HIS file added solely for modeling the SB3 EFS. The HIS file and DAT file records modeling SB3 

EFS are removed and replaced in the January 2023 datasets as explained in Chapter 5. 

 

The hydrologic period-of-analysis is January 1940 through December 1996 for the original 

2003 Lavaca WAM and versions updated by the TCEQ in June 2008 and September 2014. The 

hydrologic period-of-analysis has been extended through December 2021 for the four January 

2023 versions of the WAM developed as discussed in Chapter 3 of this report. 

 

Negative incremental flow ADJINC option 5 is activated on the JD record for monthly 

versions of the Lavaca WAM, and daily standard ADJINC option 7 is activated for daily WAMs. 

INMETHOD option 7 is selected on CP records to apply the drainage area method for distributing 

flows to secondary control points using watershed areas from WP records in the DIS file. 

 

The WRAP simulation models SIM and SIMD print a listing in the message (MSS) file of 

the number of various system components. Program TABLES 1RCT, 1SUM, and 1RES records 

provide summaries of data in a DAT file. Counts and totals for the alternative WAM versions 

listed above are tabulated in Tables 2.1 and 2.2 for comparison. 
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Table 2.1 

Number of Model Components in Lavaca WAM Datasets 

 
Latest Update of Datasets 2008 2008 2014 2023 2023 2023 2023 

Monthly or Daily Time Step Month Month Month Month Month Daily Daily 

Authorized or Current Use 3 8 3 3 8 3 8 

Filename Root lav3 lav8 lav3 Lavaca3M Lavaca8M Lavaca3D Lavaca8D 

        

total number of control points 185 184 342 185 184 185 184 

primary control points 7 7 7 7 7 7 7 

evap-precip control points 7 7 7 7 7 7 7 

number of reservoirs 22 21 22 22 21 22 21 

WR record water rights 72 68 212 72 69 72 69 

instream flow IF record rights 30 30 130 35 35 40 40 

system water rights 0 0 48 5 5 10 10 

drought index DI records 3 3 3 3 3 3 3 

FD records in DIS file 167 167 172 167 167 167 167 

Total records in DAT file 396 408 1,547 409 421 494 504 

        
 

 

The last line in Table 2.1 shows the total number of records in the DAT file excluding 

comment and title records. The simulation input DAT files for the 2008 and 2014 versions of the 

full authorization WAM contain totals of 396 and 1,547records, respectively. The additional 1,151 

records in the 2014 DAT file update were added to model the SB3 EFS. These 1,151 records were 

removed in the 2023 daily WAM input DAT file and replaced with 90 IF, HC, ES, and PF records. 

 

Reservoirs and Water Rights 

 

Lake Texana on the Navidad River is the only major reservoir in the Lavaca River Basin. 

Planning studies by the U.S. Bureau of Reclamation (USBR) during the 1960ôs resulted in 

proposed construction of a project known as Palmetto Bend Dam and Reservoir, Stages I and II. 

Stage I was a dam and reservoir on the Navidad River that was actually constructed with initial 

impoundment in 1980 and renamed Texana Dam and Reservoir. The proposed and permitted Stage 

II, consisting of an adjacent dam on the Lavaca River has not yet been constructed. Lake Texana 

was turned over to the Lavaca-Navidad River Authority (LNRA) after completion of construction 

by the USBR. The City of Corpus City is LNRAôs largest water supply customer. 

 

As indicated by Table 2.2, the full authorization scenario WAM includes 22 reservoirs with 

a total storage capacity of 234,778 acre-feet. This includes Lake Texana with a capacity of 170,300 

acre-feet, the permitted but yet constructed Palmetto Bend Stage II Reservoir with a capacity of 

62,454 acre-feet, and twenty small reservoirs with a combined total capacity of 2,024 acre-feet. 

The current use scenario WAM includes 21 reservoirs with a total storage capacity of 167,716 

acre-feet, which includes Lake Texana with 165,692 acre-feet and twenty small reservoirs with a 

combined total storage capacity of 2,024 acre-feet. 

 

The summations of the annual diversion and instream flow amounts from field 2 of the WR 

and IF records are also tabulated in Table 2.2. About 77.3 percent of the total WR/IF record 

authorized target amounts of 762,591 acre-feet/year represent diversions or releases from Lake 
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Texana. A significant portion of these totals reflect artificial accounting computations rather than 

actual water supply or instream flow target amounts. 

 

Table 2.2 

Totals of Reservoir Storage Capacity and Annual Diversion Targets 

 

 2008 2008 2014 2023 2023 

 Authorized Current Authorized Authorized Current 
      

number of WR records 72 68 212 72 68 

WR & IF record targets (ac-ft/yr) 762,681 665,842 1,749,218 762,591 665,842 

number of reservoirs 22 21 22 22 21 

reservoir storage capacity (ac-ft) 234,778 167,716 234,778 234,778 167,716 
      

 

 

Control Points 

 

The Lavaca WAM has 185 control points defined by CP records. Seven are primary control 

points with naturalized flows provided as IN records in the SIM/SIMD hydrology input file. 

Monthly reservoir net evaporation-precipitation depths are input on EV records for these same 

seven control points. Nine of the ten USGS gage sites listed in Table 2.3 serve as control points 

(seven primary and two secondary) for all versions of the WAM. The USGS gage identifier, 

location, period-of-record, and watershed drainage area in square miles are included in Table 2.3. 

Control point identifiers are listed in the last column of Table 2.3 and first column of Table 2.4. 

ñGSò in the control point identifiers means ñgage siteò. 

 

Table 2.3 

Ten USGS Gage Sites, Seven Primary and Two Secondary Control Points 

 

USGS No. Location Period-of-Record Area (sm) CP 
     

08163500 Lavaca River at Hallettsville Aug 1939 ï present 108 GS400 

08164000 Lavaca River near Edna Aug 1938 ï present 817 GS300 

08164300 Navidad River near Hallettsville Oct 1961 ï present 332 GS600 

08164350 Navidad River near Speaks Oct 1981 ï Jan 2022 437 GS550 

08164370 Navidad River at Morales Oct 1996 ï Jan 2022 549 - 

08164390 Navidad at Strane Park nr Edna Oct 1996 ï present 579 DV501 

08164450 Sandy Ck near Ganado Oct 1978 ï present 289 GS1000 

08164500 Navidad River near Ganado Jun 1939 ï 5 Jul 1999 1,062 GS500 

08164503 West Mustang Creek nr Ganado Oct 1978 ï present 178 WGS800 

08164504 East Mustang Creek nr Louise Oct 1996 ï present 53.9 ECB720 
     
 

 

 DF record daily flows are developed for the nine sites in Table 2.4 as discussed in Chapter 

3. The five control points with SB3 EFS are so indicated in the last column of Table 2.4. Primary 

versus secondary status is indicated in the next-to-last column. Primary control points are locations 

at which naturalized flows are provided in a SIM or SIMD input dataset. Naturalized flows at all 

https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08163500&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164000&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164300&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164350&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164370&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164390&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164450&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164500&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164503&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164504&agency_cd=USGS&amp;referred_module=sw
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other sites, called secondary control points, are computed within the simulation based on the 

naturalized flows at primary control points and watershed parameters provided on DIS file FD and 

WP records and/or DAT file CP records. Naturalized flows are synthesized during execution of 

SIM for 178 secondary control points in the Lavaca WAM using the drainage area ratio method as 

specified by flow source option 7 in control point CP record field 6. Watershed areas delineated 

by FD record parameters from the DIS file are read from WP records in the DIS file. 

 

Table 2.4 

WAM Control Points at or near USGS Gage Sites 

 

CP Location Drainage Area (sm) Type CP EFS 
     

GS400 Lavaca River at Hallettsville 108 Primary - 

GS300 Lavaca River near Edna 817 Primary EFS 

GS600 Navidad River near Hallettsville 332 Primary - 

GS550 Navidad River near Speaks 437 Primary - 

DV501 Navidad at Strane Park near Edna 579 Secondary EFS 

GS1000 Sandy Creek near Ganado 289 Primary EFS 

GS500 Navidad River near Ganado 1,062 Primary - 

WGS800 West Mustang Creek near Ganado 178 Primary EFS 

ECB720 East Mustang Creek near Louise 53.9 Secondary EFS 
     

 

 
 

Figure 2.1  Control Points Located at or near USGS Gage Sites 
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CHAPTER 3 

RIVER SYSTEM HYDROLOGY  

 

Chapter 3 describes the general hydrologic characteristics of the Lavaca River Basin and 

WAM 1940-2021 hydrologic period-of-analysis monthly time series input data, which consists of 

monthly naturalized flows at seven control points stored on IN records and monthly net 

evaporation-precipitation depths on EV records assigned to the same seven control points. Daily 

flow pattern hydrographs on DF records for nine control points are developed in Chapter 4. 

 

River Basin Characteristics 

 

The location and size of the Lavaca River Basin in comparison to the other major river 

basins and coastal basins of Texas is illustrated in Figure 1.1 on page 3. The general configuration 

of the river basin is shown in Figure 1.2. The locations of nine USGS gage stations at seven primary 

and near two secondary control points are shown in Figure 2.1 on the preceding page 10. 

 

Watershed Drainage Areas 

 

The watershed drainage areas of several relevant locations in the river system are tabulated 

below in Table 3.1. The watershed areas in Table 3.1 are from the watershed parameter WP records 

in the Lavaca WAM DIS file. The watershed areas in Table 2.4 are from the USGS NWIS. 

 

Table 3.1 

Watershed Areas 

 

Control  Drainage Area 

Point Location (square miles) 
   

GS400 Lavaca River Gage at Hallettsville 107.4 

GS300 Lavaca River Gage near Edna 822 
   

GS600 Navidad River Gage near Hallettsville 333 

GS550 Navidad River Gage near Speaks 410 

DV501 Navidad River Gage at Strane Park near Edna 581 

GS500 Navidad River near Ganado 1,062 
   

GS1000 Sandy Creek near Ganado 296 

CB510 Confluence of Sandy Creek and Navidad River 1,059 

      Sandy Creek Watershed (475) 

      Navidad River Watershed (584) 
   

WGS800 West Mustang Creek near Ganado 168 

ECB720 East Mustang Creek near Louise 54.4 
   

DV221A Lake Texana Dam 1,406 
   

CB210 Confluence of Lavaca and Navidad Rivers 2,294 

      Lavaca River Watershed (876) 

      Navidad River Watershed (1,418) 
   

EP000 Lavaca River Outlet at Lavaca Bay 2,322 
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Reservoir Storage Capacity 

 

Most of the reservoir storage capacity in the Lavaca River Basin is contained in Lake 

Texana. The location of Lake Texana is shown in Figure 1.2 on page 4 of Chapter 1. A TWDB 

plot of historical observed storage contents of Lake Texana is provided as Figure 1.3. 

 

As noted in Chapter 2, the full authorization scenario WAM includes 22 reservoirs with a 

total storage capacity of 234,778 acre-feet. Lake Texana with an authorized capacity of 170,300 

acre-feet accounts for 72.5% of the permitted total storage capacity. The permitted but not yet 

constructed Palmetto Bend Stage II Reservoir has a capacity of 62,454 acre-feet, and the other 

twenty reservoirs have a combined total capacity of 2,024 acre-feet. 

 

The current use scenario WAM includes 21 reservoirs with a total storage capacity of 

167,716 acre-feet, which includes Lake Texana with 165,692 acre-feet (98.8% of total) and the 

same twenty small reservoirs with a combined total storage capacity of 2,024 acre-feet. 

 

Precipitation and Reservoir Evaporation Rates 

 

Monthly precipitation depths extending from January 1940 and monthly reservoir 

evaporation depths from January 1954 to near the present (currently through 2021) for 92 one-

degree by one-degree quadrangles that encompass Texas are accessible at the following TWDB 

website: https://waterdatafortexas.org/lake-evaporation-rainfall. The TWDB updates the databases 

each year to extend through the preceding year. Observed monthly precipitation and evaporation 

depths are spatially averaged by the TWDB over each of the 92 one-degree quadrangles as 

explained at the website. Each quadrangle covers an area of about 4,000 square miles. 

 

Quadrangles 811 and 911 encompass most of the Lavaca River Basin and all of Lake 

Texana. Most of Lake Texana is in quadrangle 811, which is south of quadrangle 911. Annual 

1940-2021 precipitation depths and 1954-2021 evaporation depths in inches for each of these two 

quadrangles are tabulated in Table 3.2. 

 

Table 3.2 

Annual Precipitation and Reservoir Evaporation Depths 

 

 Quad 811 Quad 911 Average 
    

Annual Precipitation Mean (inches) 41.7 39.8 40.75 

Annual Precipitation Minimum (inches) 15.3 17.5 16.40 

Annual Precipitation Maximum (inches) 62.1 61.6 61.85 
    

Annual Evaporation Mean (inches) 49.8 50.0 49.90 

Annual Evaporation Minimum (inches) 39.5 32.2 35.85 

Annual Evaporation Maximum (inches) 61.9 60.6 61.25 
    

 

 

The averages of quantities for quadrangles 811 and 911 are considered to be reasonable 

approximations of precipitation and reservoir evaporation for the Lavaca River Basin. Thus, the 

basin-wide 1940-2021 annual precipitation in the Lavaca River Basin is estimated have ranged 

https://waterdatafortexas.org/lake-evaporation-rainfall
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from a minimum of about 16.40 inches to a maximum of about 61.85 inches, with an 82-year 

average of about 40.75 inches/year. The 1954-2021 average annual reservoir evaporation in the 

Lavaca River Basin is about 49.9 inches/year, ranging between the minimum and maximum values 

shown in Table 3.2. 

 

The monthly precipitation depths plotted in Figures 3.1 and 3.2 illustrate the great temporal 

variability of rainfall in the Lavaca River Basin and throughout Texas. Reservoir evaporation rates 

are also highly variable over time as illustrated in Figure 3.3. Although both evaporation and 

precipitation exhibit seasonality, the within-year seasonal fluctuations in Figure 3.3 are most 

apparent. Annual depths of precipitation and reservoir evaporation are compared in Figure 3.4. 

Reservoir surface evaporation rates are significantly higher that rainfall rates. The corresponding 

statewide average annual precipitation and evaporation rates for Texas are 28.1 and 59.4 inches. 

 

Except for Figure 1.3, all time series plots in this report, including the figures in this 

chapter, were prepared with HEC-DSSVue. The statistics in Table 3.2 were computed using HEC-

DSSVue. The WRAP program HYD was also includes features for analyzing the TWDB 

evaporation and precipitation datasets. The WRAP modeling system includes a DSS file developed 

using HYD that contains the TWDB 92-quadrangle monthly precipitation and evaporation datasets 

updated through 2021. 

 

 

 
Figure 3.1 Monthly Precipitation for Quadrangle 811 
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Figure 3.2 Monthly Precipitation for Quadrangle 911 

 

 
Figure 3.3 Monthly Evaporation for Quadrangles 811 (red dots) and 911 (blue solid line) 
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Figure 3.4 Annual Precipitation for Quadrangles 811 (blue dots) and 911 (blue solid line) 

and Evaporation for Quadrangles 811 (red dots) and 911 (red solid) 
 

 

WAM Monthly Net Reservoir Evaporation-Precipitation Depths 

 

The original Lavaca WAM developed by the U.S. Bureau of Reclamation (USBR) for the 

TNRCC (renamed TCEQ) has a hydrologic period-of-analysis of 1940-1996. The 2002 USBR 

Lavaca WAM report [13] states that historical monthly gross evaporation and precipitation rates 

for Lake Texana were obtained from the Lavaca-Navidad River Authority. The TWDB quadrangle 

monthly evaporation and precipitation datasets appeared to have been used for the twenty small 

reservoirs. The USBR developed EV records of net evaporation-precipitation rates by subtracting 

precipitation from evaporation depths. The WAM includes seven sets of EV records assigned the 

same identifiers as the seven primary control points. The Lake Texana net evaporation-

precipitation rates are assigned control point identifier GS300. 

 

The TWDB employs the WAMs in regional and statewide planning studies. The TWDB 

applies the latest extended monthly naturalized flows (IN records) and evaporation-precipitation 

rates (EV records) updated by the TCEQ and its contractors for the WAMs that have recently 

updated hydrologic periods-of-analysis. TWDB staff has extended the IN and EV records for 

WAMs that have not been recently updated by the TCEQ. Sequences of IN and EV records 

extended by the TWDB for nine WAMs are available at the following website. 
 

https://www.twdb.texas.gov/surfacewater/data/ExtendedNatFlow/index.asp 
 

TWDB extensions of the EV records through 2021 are adopted for the January 2023 Lavaca WAM. 

https://www.twdb.texas.gov/surfacewater/data/ExtendedNatFlow/index.asp
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The seven 1940-2021 sequences of monthly net reservoir evaporation less precipitation 

depths in feet stored on EV records for the January 2023 Lavaca WAM consists of the original 

quantities for 1940-1996 and quantities for 1997-2021 compiled by the TWDB using their 

quadrangle database. The EV record 1940-2021 monthly evaporation less precipitation depths for 

Lake Texana assigned control point identifier GS300 are plotted in Figure 3.5. 

 

 
Figure 3.5 Monthly Net Evaporation-Precipitation Rates for Lake Texana 

(EV Records for Control Point DV221A) 
 

 

Observed Daily Flows at USGS Gages 

 

Ten gage stations with daily stream flow data available at the U.S. Geological Survey 

(USGS) National Water Information (NWIS) website are listed in Table 2.3. Daily flows at nine 

of the ten gages are used to compile DF records as discussed later in Chapter 4. These nine sites 

are listed in Tables 3.3 through 3.5. Seven of the USGS gage sites are primary control points for 

monthly naturalized flows as indicated in Table 2.4. Two sites are assigned secondary control point 

identifiers. SB3 EFS are located at five gage sites identified in Tables 2.4 and 5.1. 

 

Daily mean flows in cubic feet per second (cfs) at the sites in Table 2.4 and Tables 3.3-3.5 

are plotted in Figures 3.6-3.14. Gage locations are shown in Figure 2.1. Watershed drainage areas, 

periods-of-record, and other information for each WAM control point (USGS gage site) are 

provided in Table 2.4 and Tables 3.3-3.5. The period-of-record of each gage covering the 1940-

2021 WAM hydrologic period-of-analysis and 1997-2021 extension are shown in Tables 3.4-3.5. 
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Table 3.3 

USGS Gage Sites with Daily Flows Plotted in Figures 3.6 through 3.14 

 

USGS No. Location Period-of-Record Drainage Area CP ID 
   (square miles)  

08163500 Lavaca River at Hallettsville Aug 1939 ï present 108 GS400 

08164000 Lavaca River near Edna Aug 1938 ï present 817 GS300 

08164300 Navidad River near Hallettsville Oct 1961 ï present 332 GS600 

08164350 Navidad River near Speaks Oct 1981 ï Jan 2022 437 GS550 

08164390 Navidad at Strane Park nr Edna Oct 1996 ï present 579 DV501 

08164450 Sandy Ck near Ganado Oct 1978 ï present 289 GS1000 

08164500 Navidad River near Ganado Jun 1939 ï 5 Jul 1999 1,062 GS500 

08164503 West Mustang Creek nr Ganado Oct 1978 ï present 178 WGS800 

08164504 East Mustang Creek nr Louise Oct 1996 ï present 53.9 ECB720 
     

 

Table 3.4 

Gage Records of Daily Observed Flows within the 1940-2021 Period-of-Analysis 

 

CP Location Period-of-Record within 1940-2021 Missing 
   (days) 

GS400 Lavaca River at Hallettsville 1Jan1940ï30Sep1992, 10Oct2015-31Dec2021 8,400 

GS300 Lavaca River near Edna 1 Jan 1940 ï 31 Dec 2021 0 

GS600 Navidad River nr Hallettsville 1 Oct 1961 ï 31 Dec 2021 7,945 

GS550 Navidad River near Speaks 1Oct1981ï29Sep1989, 1Oct1996-29Sep2000 25,570 

DV501 Navidad at Strane Park Edna 1 Oct 1996 ï 31Dec2021 20,729 

GS1000 Sandy Ck near Ganado 1Oct1978ï29Sep2013, 30Sep2014-31Dec2021 14,520 

GS500 Navidad River near Ganado 1Jan1940ï21May1980, 24Jun1999-5Jul1999 15,188 

WGS800 West Mustang Creek Ganado 1 Oct 1977 ï 31 Dec2021 13,789 

ECB720 East Mustang Creek Louise 1 Oct 1996 ï 31 Dec2021 20,728 
    

 

Table 3.5 

Gage Records of Daily Observed Flows within the 1997-2021 Extension Period 

 

CP Location Records within 1997-2021 Values Missing 
   (days) (days) 

GS400 Lavaca River at Hallettsville 1 Oct 2015 ï 31 Dec 2021 2,284 6,847 

GS300 Lavaca River near Edna 1 Jan 1997 ï 31 Dec 2021 9,131 0 

0GS600 Navidad River nr Hallettsville 1 Jan 1997 ï 31 Dec 2021 9,130 1 

GS550 Navidad River near Speaks 1 Jan 1997 ï 29 Sep 2000 1,368 7,763 

DV501 Navidad at Strane Park Edna 1 Jan 1997 ï 31 Dec 2021 9,130 1 

GS1000 Sandy Ck near Ganado 1 Jan 1997 ï 31 Dec 2021 8,764 367 

GS500 Navidad River near Ganado 24 Jun 1999 ï 5 Jul 1999 12 9,119 

WGS800 West Mustang Creek Ganado 1 Jan 1997 ï 31 Dec 2021 9,130 1 

ECB720 East Mustang Creek Louise 1 Jan 1997 ï 31 Dec 2021 9,131 0 
     

https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08163500&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164000&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164300&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164350&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164390&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164450&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164500&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164503&agency_cd=USGS&amp;referred_module=sw
https://waterdata.usgs.gov/tx/nwis/dv/?site_no=08164504&agency_cd=USGS&amp;referred_module=sw
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Figure 3.6 Daily Flows of Lavaca River at Hallettsville (control point GS400) 

 

 
Figure 3.7 Daily Flows of Lavaca River near Edna (control point GS300) 
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Figure 3.8 Daily Flows of Navidad River near Hallettsville (GS600) 

 

 
Figure 3.9 Daily Flows of Navidad River near Speaks (GS 550) 
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Figure 3.10 Daily Flows of Navidad River near Speaks (DV501) 

 

 
Figure 3.11 Daily Flows of Sandy Creek at Strane Park near Edna (GS1000) 
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Figure 3.12 Daily Flows of Sandy Creek at Strane Park near Edna (GS500) 

 

 
Figure 3.13 Daily Flows of West Mustang Creek near Ganado (WGS800) 
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Figure 3.14 Daily Flows of East Mustang Creek near Louise (ECB720) 

 

 

The daily flows downloaded from the USGS NWIS and other datasets derived therefrom 

are stored in a DSS file with filename LavacaAuxiliaryData.DSS that accompanies this report. 

HEC-DSSVue was employed to develop the time series plots presented throughout this report and 

perform computations and analyses discussed in this chapter including aggregating daily mean 

flows in cfs to monthly flow means in cfs and monthly flow volumes in acre-feet/month. 

 

WAM Monthly Naturalized Flows  

 

The original January 1940 through December 1996 hydrologic period-of-analysis has been 

updated to extend through December 2021 for the January 2023 daily and monthly Lavaca WAMs. 

Monthly naturalized flows for 1940-2021 at seven control points are stored on IN records in the 

simulation hydrology input file. The monthly naturalized flows at 178 secondary control points 

are synthesized during a SIM or SIMD simulation by applying drainage area ratios to the IN record 

flows at the seven primary control points as specified by FD and WP records in the DIS file. 

 

As shown in Figure 2.1, none of the primary control points are located downstream of Lake 

Texana. Almost all reservoir storage capacity in the basin is in Lake Texana. Almost all surface 

water use is supplied by Lake Texana. Most water supplied from Lake Texana is transported out 

of the Lavaca Basin. Surface water storage and use have had only minimal impact on observed 

flows at the seven primary control points, none of which are located downstream of Lake Texana. 

As previously noted, the current use scenario WAM includes 21 reservoirs with a total storage 
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capacity of 167,716 acre-feet. The Lake Texana capacity of 165,692 acre-feet is 98.8% of the total. 

Twenty small reservoirs have a combined total storage capacity of 2,024 acre-feet.  

 

The periods-of-record at the USGS gages are shown in Tables 3.3, 3.4, and 3.5. The number 

of days of missing gage data during the original 1949-1996 WAM hydrologic period-of-analysis 

and the 1997-2021 extension are tabulated in Table 3.6. The periods 1940-1996 and 1997-2021 

are comprised of 20,819 days and 9,131 days, respectively. The gage at control point GS300 on 

the Lavaca River near Edna is the only gage with a complete 1940-2021 record with no days 

without recorded daily flows. Gaps in the observed stream flow data is a significant issue in 

compiling IN record monthly naturalized flows and DF record daily flow pattern hydrographs. 

 

Table 3.6 

Stream Flow Data at Primary Control Points 

 

Control USGS Gage Location Days of Missing Data Adopted 

Point River and Nearest Town 1940-1996 1997-2021 Extension 
     

GS400 Lavaca River at Hallettsville 1,553 6,847 TWDB 

GS300 Lavaca River near Edna 0 0 USGS 

GS600 Navidad River nr Hallettsville 7,944 1 USGS 

GS550 Navidad River near Speaks 17,807 7,763 TWDB 

GS1000 Sandy Creek near Ganado 14,513 367 Combined 

GS500 Navidad River near Ganado 6,069 9,119 TWDB 

WGS800 West Mustang Creek Ganado 13,789 1 USGS 
     

 

 

The original IN records of 1940-1996 monthly naturalized flows at the seven primary 

control points were adopted without revision for the January 2023 WAM hydrology dataset. IN 

records of 1997-2021 monthly naturalized flows for the updated January 2023 WAM hydrology 

dataset were compiled as follows. 
 

¶ Observed daily flows aggregated to monthly volumes were adopted for control points GS300, 

GS600, and WGS800. The one day of missing data at GS600 and WGS800 was synthesized 

by linear interpolation of flows in adjacent days. 

¶ Extensions performed by the TWDB were adopted for control points GS400, GS550, and 

GS800. TWDB filled in gaps of missing data using linear regression. 

¶ Control point GS550 has a continuous year and several other scattered days of missing data. 

The TWDB flow extension was adopted for the gaps with missing observed flows. The USGS 

observed flows were adopted for the remainder of the 1997-2021 extension period. 

 

Strategies for adopting 1997-2021 monthly naturalized flows for incorporation in the 

hydrology input dataset for the Lavaca WAM are noted in the preceding paragraph and last column 

of Table 3.6 and discussed later in this chapter. Linear regression analyses between flows at 

different gages were employed by the USBR to fill in gaps of missing data in compiling the 1940-

1996 IN record flows and by the TWDB in the 1997-2021 extension of the IN record flows. 
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The following discussions include plots of monthly flows that include the original 1940-

1996 naturalized flows, 1997-2021 TWDB extended flows, and 1940-2021 observed flows at the 

seven primary control points. The monthly flows adopted for IN records in the January 2023 WAM 

hydrology dataset are described on the preceding page. Other datasets are plotted as well for 

comparative analyses. 

 

TWDB Flow Extensions 

 

TWDB staff have updated the IN and EV records for nine WAMs including the Lavaca 

WAM (https://www.twdb.texas.gov/surfacewater/data/ExtendedNatFlow/index.asp). Seven sets 

of TWDB extended 1997-2021 EV records are incorporated in the January 2023 Lavaca WAM as 

discussed earlier in this chapter. IN record monthly flow extensions developed by the TWDB were 

adopted for several of the control points in the January 2023 Lavaca WAM as noted on the 

preceding page and discussed later. The extended IN record naturalized flow datasets at the TWDB 

website were generated by TWDB staff using linear regression between historical gaged flow and 

available existing naturalized flow and between naturalized flows at different locations [14]. 

 

The 1940-2021 monthly naturalized flows in acre-feet/month at the seven primary control 

points plotted in Figures 3.15 through 3.21 combine the original 1940-1996 WAM IN record flows 

with the TWDB 1997-2021 extended flows. The IN records were downloaded from the TWDB 

website and converted into a DSS file for plotting and analysis with HEC-DSSVue. 

 

The USGS gage on the Lavaca River at Edna (control point GS300) is the only gage site 

with a complete record of observed daily flows during 1940-2021. The monthly aggregation of 

September 1940 through August 2022 observed daily flows at GS300 and the 1940-2021 IN record 

monthly naturalized flows of Figure 3.16 are compared in Figure 3.22 and Table 3.7. Statistics 

comparing 1940-1996 observed and naturalized flows and 1997-2021 observed and naturalized 

flows are tabulated in Table 3.7. The 1940-1996 monthly observed flow ranges from 0.20 to 

437,699 acre-feet with a mean and median (50% exceedance) of 21,031 and 5,381 acre-feet, 

 

The original 1940-1996 USBR naturalized flows are almost the same as the corresponding 

USGS observed flows. The 1997-2021 TWDB naturalized flows and observed flows are almost 

the same except for flows at GS300 on the Lavaca River near Edna. TWDB 1997-2021 naturalized 

flows are based on linear regression of 1940-1996 naturalized and observed monthly flows. 

 

Table 3.7 

Comparison of Observed and Naturalized Flows at Control Point GS300 on Lavaca River 

 

 1940-1996 (684 months) 1997-2021 (300 months) 

 Observed Naturalized Observed Naturalized 
     

mean (acre-feet/month) 21,031 20,914 25,089 14,260 

median (acre-feet/month) 5,381 5,261 4,756 3,366 

standard deviation (af/m) 42,069 42,059 51,711 29,207 

minimum (ac-ft/month) 0.20 0.00 1.94 -81.0 

maximum (ac-ft/month) 437,699 437,500 346,360 206,729 
     

https://www.twdb.texas.gov/surfacewater/data/ExtendedNatFlow/index.asp
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Figure 3.15 Monthly Naturalized Flows of Lavaca River at Hallettsville (GS400) 

 

 
Figure 3.16 Monthly Naturalized Flows of Lavaca River near Edna (GS300) 


